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PREFA(^E TO THIRD EDITION 


Th« Ml in I oc lit ion of this manna! rc floe Is Uio more 
roe(‘ut ehangos in staiulanl mothods of tests of materials 
and shifts tiie (Miiphasis \i])on the several experiinenls. 
Soira^ (‘XperinuMits of limited significauici' Imve becMi 
oinitUal and additional exiieriinoiits supplied 

Th(* original aims of the manual have not been 
ehanf>e(h inuiudy: to })lae(‘ the ('xperimOnt in its teehno- 
loaieal S('ttin|2:; to oflVr traiiiinf» in teedmioue, and 
kiiowl(‘dg(’ of niaUanals, aiul to ilevelop a habit of 
entieally (xxaininln^ lh<‘ (Conditions and data of the 
('xperiment. In tlu' aetual pruetiei'of lubonitory instruc- 
tion the number of (‘xperinn'iits piM'foniK’d by th(‘ student 
must \)o linnical if the Miird rt'suit is to be n^acluMh 
TIh* iisc^lulnc'ss ol this manual as a working tool to tlu' 
practitioiKM has not Ixam forgotten 

'l'h(' an I hors gladly acknowhvlge th(' assistnn(C(‘ of 
ProIVss’or It. B, Cre|)|}s of rurdue University in this 
[(’vision 

W. K II 
II. IMS 

\i\l \ > I'/l TK, I Nj) , 

A M)2(K 




PRKKA('K TO lORST KDI TION 


'I'liis manual is [,\w out(‘(>iiio of Iho opornUon, ihrougli 
yours, of iho I^al)(>raiory for TosUiip, Matcaiuls 
of PurdiK^ Uiuv('rsity During; this s(‘V(M*al in- 

strno.iors, Ininporarily siM’vinp: iJio lal)()niU)ry, iiav(‘ 
inipi’ov(Kl ilas pnu‘ti(‘(\ lOspooial uuMition should Ix’ 
made* of tiu' s(avicx\s of (ho late' Professor Haiu'ook, 
\vlios(' untiinc'ly d(‘alh d(‘pnv('d Mk' sou'iH'e' o[ (.(‘stiiif; 
iun(.onals of a v(‘ry ahh' and pafjc'nl inv(*sl igalor, and 
his oolh'a^iK's of a a<><>d fru'iid. Ih’ofe'ssor Ye'oinan, 
now of Val]>araiso UniveM'sifv, dhl vahinhU' si'rvicx* in 
till' or|>;anizal ion ol the' work of ('(‘inonl lalioratory. 
'rh(' auMioi’s ar(‘ indt'hftxl |.o Profe'ssor Poonnaii, of 
Pui'iluo PnivcMsilv, foi* valual)l(' siifi;f»;os(ions. 

In ifs original form iJu' manual was ))nl)lisho<l hy llio 
sc'dior aiililioi of this volumt', and later, with the assisl- 
anee of Proh'ssor Seoli(*ld, flu' niannal was enhu^tMl, and 
was found usedul in s(‘V(‘ral niiivei‘siU(*s Now llu‘ 
authors havi' avaded i lu'rusc'lves of (he asMstunee o( the 
liri'stmt. pui>lislu'is to (‘tdaia<' lh<' work. Tli(‘ hs(. of ('\-* 
p(’inu('n(-s has Ixx'ii ineirasi'd, and a luoit' eoinpli'ti* 
Ireatnu'iil of luaehines and ajipaialus addt'd 

( )ne purpos(' rit ilu' nr'iuial is lo rrli(‘V(‘ (hr ins(.ru(‘( or 
1 1 oin iJu' net'essli V of ('\ plaining i hf' diUails of inertia meal 
pf’0(‘(‘diiH‘t and so to frex' his time for ina(.(('i‘s of f»rc'al('r 
educ'alional irnporlama' It is alsei hopi'd hv llu'aulhois 
that the practitionei will find the volume of cuiiveiiumf 
use 

1. M \ > I' I 1 1 , I \n , 
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LABORATORY MANUAL OF 
TESTING MATERIAJ.S 


(^HAPTKIt I 

GENERAL 

1 . Tlio atucUmt slionld obuin a knowledge of inalerijdH 
by handling l\m\\ and waU'bhig Uieir behavior iiiidei' 
srr<‘HS, From the ai)i)(^aranee liofore and after teat, Ik* 
iH led to recognize tlie nature of normal and defeetivt* 
aaini)l(^a. Tliia knowledge will give character to (he 
work of engiiuMK'ing design, and will lie of smwice in work 
of ina])ection. 

2, A knowledge of tlio leehniciue of teafmig ina(/‘rials 
should be gaiiu'd, by whieli he may know afterwards if 
proper im'tliods are lH*ing ust*d in <*uses that come unclei 
his inspe<*iion, and by which lu* inuy judgi* the signifi- 
eanc(‘ of results of llu* (c'sls of iiiuh*nal submitted lo 
him. 

ib A (,1’ainiiig should r(*sull in pn'cisc* methods of 
(;l)sel’^'al ion. 

1. d'lu‘ class-room instruction in Ai»plic'd Mcadianics 
wlocii should pre{‘(*d(* or acc'ompnny this couis(', is ri'in- 
foiced willi t*om*nd(' know h'dgiMif things and pi ojK'ii u'.s, 
wliicb an* ollH*rwis(' only words <h‘tined in t(‘\l-books 
d'iu* application of lln'orctical a.iiaKsis to IIk' li'sts p(‘l- 
loniu'tl in lh(* laboratory iK'(*onH*s of indu'idual irit('n*st 
andistiM'd iiillu'inind Discrej^aiuacs 1h‘I uaTii (beori't- 
ical (h'duclions and icsultsof t(*slsol actual niaUn'ial as 

l 
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supplied to the market also beeomc evident. Many of 
the fundamental facts relating to metals, such as the 
relative stiffness of hard and soft steel, the elevation of 
the yield point, and the lowering of the elastic limit 
through overstrain can also bo brought to tlic stiulont's 
notice by a few well-selected experiments. 

5. The report which accompanies the investigational 
features of the work, affords practice in setting fortli ri^- 
sults in a clear businGs>s-like way and should aid Uu'. 
student in forming at least the fundameiilala of a style 
which will bo later useful to him. 

6. The student should refer to standard text-books and 
specifications to compare the results obtained with 
recorded data. 

A partial list of specifications siiitabh^ for use is as 
follows: 

Specifications in Year Book of Ameucaii Hoeiety for 'i'cstlng 
Materials. 

Specifications in Year Book of State Highway (VjmmmBionH. 

Materials of Construction by A. P. Mills, 

Materials of Construction by J. B. Johnson, 

Materials of Construction by Tliuiston. 

Materials of Construction by Upton, 

Mechanics of Materials by M, Mernman 

Applied Mechanics by A. P. Poormiin. 

Conciete Plain and Rcmforcod by Taylor and Thompson. 

Reinforced Concrete by G A. IIool 

Conciete Enginecis' Handbook by IIool and Joliiihon. 

Mechanical Piopoities of Woods giown in the rmted Stairs 
Bulletin No 566 U. S Dept of Agnciiltuie 

7. Thesis work in testing mat mu Is pres(‘ii(s a riMidv 
and attractive moduun l)y whicli sliuh'iils ciui iei’(‘iv(‘ 
some training in pro]ier methods of pluiuuiig and (‘xi’cnl- 
ing experimental mvestigalions. The work nmy i)(‘ 
individual, or performed by groups of studmils, and 
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Iho (?xponfl(? of iiiai.cnnal is sinall. If I, ho profoa.Mor is 
inlon'siod m w)ino oiio firld of investigation and nysteni- 
ati(5ally plans for a torni of years, tho tlu'ses in Liino am 
of uso in extonding knowledge. 

Tlio motluxl of ailininistoring thesis work in general 
involves tlie following sU^ps: A list of probh^ins, to 
wliicdi, on aeeoiint of limitations of (xpiipnK'nt mul i\m 
dcjsire to (umeentrate, tlic^ work of the laboratory should 
1x5 etmfiued, is pr(’])ared early in year. TIujki’s sub- 
jeeta are generally ehos(*n from tliis list by stndents. 
When a subjeet is ehoscai by a student, a thesis oiitliiio 
IS ptx'pured by Uie iiroh’ssor ih consul (.ntion with the 
.s(ud(mt, in which flu* prolilem is ch’urly stat(xl; tlie 
au(.hori(ies, if any, cited; a list of lii.eraiurc', <n' direelions 
to luaiii source of information giv('U, and tlu^ main 
plan of atta(dc fairly definih'ly iiulicabxl. Details of 
jipparatus, (d-c., ar(‘ gcuientlly h'ft to tJie stinhuit. A 
student may present a suhjc'ct of his own choice'. The 
writl'Cn tlit'sis covt'rs a clear and logical ac(*ouni- of the 
purpose’ of (lie thesis, th(‘ niat.cM’ial (estexl, the nudliods 
and maehiiH's, with a. diseaissioii or (*rror; (he actual 
n'SuKs; tlu' anaKsis ami pre’sc’ul ation (d th(' results; 
and tli(' (aux'lusions (tM’refrom. 



CHAPTER, II 


GENERAL INSTRUCTIONS 

Preliminary Notes. — In all tests, first cai'i^fully ex- 
amine the matenah Measure, and note cliarnclerislicH 
and defects, if any. If this is not duin* Ix'fon* i\w sp<M'i- 
men is broken, the test is useless. Not(‘ (lie s(‘rinl 
number if any. 

The character of the log sheet will be (*onsid(‘r(‘(l in 
grading the report. 

The student should understand the nuuiipulalion hjicI 
reading of all instruments u.sed in each t<»st. 

Enough readings should be taken to u(M'urn((‘ly (let (er- 
mine the stress-strain curve. Calculal(' from tabh' ol 
average strengths of materials, see n])iK‘n(lix, tiu* 
mont of loading required to give at least IS ri‘adiJig.s. 
When quantities being measured are changing raindly, 
intervals must be shortened. 

Specimens upon which further obsiu-vations an' (o !)(' 
made should be carefully marked and plac'c'd in as.sigiic'd 
case. 

If the reports are to be writhm in tlie laboratory (hiring 
tlm assigned period, all notes and data, togc'tlu'r with 
unfinished reports, must be Wt in llu^ filing (’ns('. 

Operation of Machines During Test. Pn Inninnry 
to every test, each student should beeonu' familiar with 
the operation and mechanism of the ti'sfing inaclniK' 
to be used. 

Balance poise at zero with test paw in Mk' nuKdiim* but 
free from the pulling luaul in evi'ry way. 

4 



( 1 KN 1C 11 Ali IN STU UCTI () N H 


r) 


All n^adiiiKS upon lent pioco for a certain load should 
l)(', kiken wlnm the beam is balanced at the load and at 
no <> tiler time. The fiiig^er may be used to lift the beam 
sli^litly ami so give warning which will prevent the 
loails iieiiig (‘xee(?ded. 

The spi'ed of ajiiilying the load should be such that 
the beam may Ixi kept bahuKJod, otherwise the readings 
will be of doubthil actuirary. 

Often aftiM* tlie (elastic limit lias lieen ri'ached a faster 
Hpe('(l may lie uscxl imd much time savi'd. Any consisi- 
eiit Hp(‘(xl is all(>wubh» if ilu‘ load nwliJigs are ae<‘urnte, 
(‘X(X"pt in (‘\p(’riiiieiits for whieh th(‘ machine speed (o 
b(' us(xl is s(a((‘d in IIh^ instructions. Students should 
be sure that machines are properly thrown out of gear 
when the test is finished. 

Oaution'.- d't'sjiiig mnehiiH's luiv(* upon diffenmt 
occ.asioiis IxMm left by Ihe op(*rators with countershaft 
rumiiiig and llu* frl(*(ion clutches thrown in, so that the 
maehines (*ontinue<I running. The result lias usually 
Ixxui tha(. some part of I lie mnehine was lirokcui. 'I1i(' 
op(U*ator will (nk<‘ (‘six'cial eari^ ihal lliis d<x's not occur 
witli machim^s for which li(' is resixmsibh'. will lx* 
clutrg(Ml wiUi all the repairs made necc^ssary by (•ar(‘le^.s 
lianclling. 

Note Keeping. ^Phe standiinl data sliec(s will in 
most cas('S lx‘ usixl foi note kcM'pmg. In llu* case* ol 
niohl of (^[Knmmmls the original log of (he lest will 
lx‘ n'<juiied ns a pait ui (he H‘|ku 1 ( 'nrbon eoi>ies of 
11 h‘ Ol igiiial log mad(' ill Oh' lalioialory W'i1l be a(*et'p1alil(‘ 
in laist' lilt' woik Is of such a. (*liai a(*l(*r llial onl\ one ol 
(w'o men (‘an rc'coid (Ik* data ohiaiiied N(.‘at and 
ord('rlv miles and ((‘si logs wil! be* insis(<‘<l ufion. 

Reports. Ueporls will b(' wriden m ink oi* t \ pe- 
^\'rill<Mi on oiU‘ side' only uf IIk' .slandanl S'' ltd 2 ^ 
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paper and placed in the regular rnauihi On I Ik* 

outside of the cover will appear the recpiinul inronuatioii 
in lettering. 

Clearness and order of statement, legibility of writing, 
lettering and neatness will receive diic n,tt(Mi(,i()n in 
marking the report. 

In plotting stress-strain curves, sel(R*,t sin^h ;i s<*aJe 
as can easily be read by inspection, in (haviinals. Sl,a((^ 
plainly the scale of coordinates. Use tlie l)()w p(vn to 
circle the points plotted, and draw curv(‘s witli instru- 
ments. Use India ink for curves Jind lettering on tlu^ 
curve sheets. Avoid lines from point to i)oiut. 




Fig- 1. Fig. 2. 

Figs. 1 and 2. Stress dia/jjriuuH. 

The general form of load-deformjition curve slioidd 
noted. Figure (1) represcmt.s a cliartictcrisi.ic ciirvo of 
ductile materials where the curve is driiun a, .stniiglit 
line to the elastic limit averaging the plotled poinl.s. 
Figure (2) reprcseJits tlio curv<^ for hrilllc inal crial.s. 
Select scales of coordinates so that I hr slope of (he 
portion below the elastic limit is a.hout (iO". As in h’ig. 
1 when curve does not start at origin dr.-iw a |i;u-;illcl line 
through origin to the (dastic limit. 

Tl he title of the curves slnxet should he pinexxl in (In' 
lower right-hand corner and should conla.in siudi in- 
formation that a busy man unacejuainlcd wil h ( lui 
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(‘xporiiTH'nt,, gliinci’iig at ihc curve slu^ot<, would grasp 
i,h(^ main facts witliout airl of the wriftc^u it, port. 

Idle stu(l(vut will not.e can^fully ajiy (^lia.ni,<*t(Tistics of 
the curve that are iieculiar and stat(^ reasons for their 
a,{)])c^a,rn,ne(i a,nd how they can lie avoichul if they seem to 
l)(i (u-rors. 

INSTRUCTIONS FOR WRITING REPORTS 

eha'iiad pa,rt of tlie rei)ort should lie suitable for 
submission to a prac.tising (uigincer, who would naturally 
judg(i of th(i (iua,liti(aiti<)ns of the writcu* l-)y the neatness 
and systian of tlu^ ri^pori-. 

'’11 Ki s(‘(iu(mc.(^ a,nd tlie form in whicth tlie results are 
])r(‘S(‘nt(‘(l musi. b(^ sm^h as to caiable a l)usy man to a,sc(a-- 
ta,in in a f(nv inonu'nts just wha.t was done and what 
wa,s d(d*(vrmin(‘d. A. careful study should he given to 
eco'uouiy of lauguage in nmtmg the report. 

SuucJKS'rni) .IdiuM ok ItniajiiTS 

Title.' Th(^ tifl(‘ should indi(ai,t<^ brii’lly what is 
cov(‘r(‘d by t,he r(‘[)ort. 

Purpose.* llnd(‘r t.his Invading tlu^ |)urposc^, or pur- 
pose’s, of th(^ t(‘s(,s should b(^ c.omusc’ly sta,t.(Hl. 

Materials Tested.- It is iin])orl,a.nt that Uh^ miiti’rials 
t(’st(‘<l should b(’ con(*is(‘ly juhI (h’fmiti’ly (h’scrilx’d. It 
is ordinarily suHicii’iil. to d(‘rm(‘ the ma,l(’ri;d as lo its 
kind, si/x^, sluijx’ a,nd (‘omlition, jdthough a,ny otlu’r 
essefiliol (h’seri pt i V(‘ fo.cts should b(‘ sta< (’( I . I linn'iisioiu’d 
sk(‘t(*h(‘s jiH’ fi-(‘(iu(’id,ly n<‘c(’ssa,ry to propi’rly (h’serilx' 
th(’ (('st sp(M‘im('ns. Ih’IVn’iici’ should h('r(’ b(’ ina,d(‘ to 
any skotclu’s, d(‘scrii)ti V(^ of (du’ inati’rijil, .‘ippi’iiring in 
an ji,pp<’ndix or (‘Isi’wheri’ in th<‘ ri’port. (livi' pag('. 

Apparatus. Important spi’ciid app<‘U’.'d us, only, 
should b(‘ lisli’d and concisi’ly a,nd a,c(*ur;i,(,(‘ly (h'scrilx’d, 
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Diagrammatic sketches are freciueiitly ruuHJssary i.o 
properly describe apparatus as used. sliould 

be here made to diagrams or sketches d(‘scrip(.ive of 
apparatus appearing elsewhere in the r(‘po!’t. 

Method of Test — Only the essential details of tlu^ 
testing procedure will be concisely and ac(uira,t(‘ly givam. 
It is not usually necessary to includ(‘ in (Jiis division 
the unessential details of manipulation «‘ind nK^'isunnmait 
which are more or less common to aJl (‘xpcn’i mental 
work of this nature. It is important, howcwcn’, i,o us(‘ 
good judgment in the selection and statement of such 
details of procedure, as to afford a pi’opcn’ and (^l(‘a,r 
interpretation and comprehension of tlu', r’(\sullns 
obtained. 

Results of Tests. — The summarized results of tfu^ t(\si.s 
should be given under this heading. Tlu^ nvsults a,i*(‘ 
usually most conveniently and clearly shown in sum- 
mary tables. Care should bo taken tliaX summa,ri(\s 
should be accurate and concordant with ih(‘ fa,et<s 
shown elsewhere in the report. Averages should Ix' 
accompanied by a statement as to how many and what, 
data are included. 

Discussion and Conclusions.- pi a, in tJu^ significa,nc<‘ 
of the curves used to present graphically msuKs of 
the tests. (It should be her(‘ (‘inphasi/xal (hat (*m‘v<‘ 
sheets should be clear and as far as possd)l(‘ s(‘|j-(‘xplajia.- 
tory.) Where there are standard spc'citicaf ions for (ho 
material and test, a comparison witJi l,h(‘s(‘ sl.a.nda rds 
should be shown. The standards should 1)(‘ (piolnd and 
authority and reference givem. ddu' s[)ecih(‘a,tions of 
the American Society for Testing MatnriaJs and o(,h(a* 
national societies should be consulted. 

Comparisons with published data by otlua* anthoril,i(^s, 
along similar lines, arc generally neccsssary for (Ii(‘ projxa’ 
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ini(U’pretaii()n of the tc^st results, (live references 
At(/(vntion stiould be c.aJled to the ra,ctors [dleetin^ tlu^ 
a,(avurjiey, vinifoniiity and validity of tlie rcisiilts as shown. 

Tlie signiticauicc; and importance of the test and results 
slioukl be discussiMl. 

'The conc.lusions drawn should takci ah of the above 
e.onsiderations inl.o a,ecount, particularly those whi(*h are 
alTcMvted by tlu^ liinita.iii()n of th(^ testing appa,ratus used, 
th(^ [)ersonal factor involved in l.lu^ m(‘thods and sp(‘(*ial 
or unusual (‘ha,ra,(d(a-istics, or dcvfec^ts, in the test spc'ci- 
imms visibl(‘. (‘ither bc^forc' or aft.(T the comphdion of the 
tests. 




CHAPTER HI 


DEFINITIONS 

As supplementing the text-books in niechajiic-K fol- 
lowing definitions are recorded for reference: 

For formulas and symbols see Ai)pen(lix. 

Stress is the internal, equal and opposite, action and 
reaction between two portions of a deformed body. 
Stress is a distributed force, and is expressed in foi’cui 
units. As in case of deformations, stresses iivo: (1) 
normal, S, either tensile (-f) accompanying a kvngtlnm- 
ing of a bar, or compressive (”) ac(;om|)n,nying a 
shortening of a bar; and (2) tangential or slu^aring, /S'„, 
when acting parallel to a section and a(u*<)mpan\dng 
a change of angle of the faces. 

Uniformly distributed normal stnvss av(a)mpa,ni(‘s a, 
load that acts along a geometric; axis of a bar. 

Unit stress (pomich per square in(;h) is the; ajeounl, of 
stress per unit of area of surface. 

The word is often iivsecl to ('xpr(‘ss both d(‘roMna,- 
tion and stress. When used bc'Iow it m(‘a,ns dc'formadion. 

Stress-strain diagrams (Pig. 3) am dra-\vn from da,ta. 
obtained in tests of materials in which gradua lly incivas- 
ing loads are applied from ^jc'ro until ruplun' occurs. 
Unit detoimations are shown a.s aJ)S(ussai(', an(l unit 
stresses as ordinates, tension (■~|---) a,nd compression 
( ). Such diagrams display the; mosi, iuiportarUt 
mechanical properties of nudnrials. Idgun^ t; sliow s s(‘v- 
eial such diagrams. The temsion ch'forimttions a,t smaJl 
loads are shown in magnified scale; to tlu; right and the 
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relative values of Sp for various inatcniaLs l.o 
The stresses are not actual but noiniiiaJ, l)(H*aus(‘ <1 h‘ 
load is divided by the original; and not l)y lln^ n.(d iial, 
deformed area. 

ELASTICITY 

Elasticity is the tendency of (h'loi’UU'd l) 0 (li(\s to 
resume their former shape. 

Elastic Limit is the limit of stress within which tlu^ 
deformation completely disappears aftcu* tlu^ nanovaJ ol 
the stress. As measured in tests, and iiscul in (h'sigii 
this term refers to the 'proportional elmtic Irnnt, 
which is the unit stress within which stress(\s a^nd (h'l’or- 
mations are directly proportional. At tlu^ Coninivrcial 
ElasticLimit or YieldPoint, Sy, some rmiteriahs (*xp(‘i'i(‘nc(^ 
a sudden and large increase of deformation wil.houl; in- 
crease of stress. Sp is from 0.75 Sy (hot-rolhal s((‘(‘l) to 
0.90 Sy (annealed steel). Location of Sy (l(‘p(‘nds upon 
speed of stress. 

Key to Curves in Upper Left Hand Couni-;r Pkj. 

Curve No. 1 A — Soft 0. H. Steel, as rolled. 

Curve No. 1 B — Soft 0. H. Steel, oil tcinp(D*ed and anii(‘al(Ml. 

Curve No. 1 C — Soft O. H. Steel, oil tempered. 

Curve No. 2 A — Axle Steel, as rolled. 

Curve No. 2 C — Axle Steel, oil tempered 

Curve No. 3 A — 0. H. Steel, forged disc. 

Curve No. 3 B — 0. H. Steel, forged disc, oil P'mpen^d and 

annealed. 

Curve No. 3 C — 0. H. Steel, forged disc, oil l,('nip(‘r(‘d. 

Curve No. 4 B — Heavy Steel Casting, anru^alcMl 

Curve No. 5 A — Cast Copper, annealed. 

Curve No. 5 B — Cast Copper. 

Curve No, 5 C — Hard Itolled Coppcir. 

(\irve No. 7 — Wrought Iron. 

C'urve No. 8 —Steel ( -asting, rim of small gear. 

Curve No. 10 — Chrome Tungsten. 

Curve No. 11 — Vanadium Steel. 
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Hooke's Law states that, within the elastic liniit, the 
(Icfori nation produced is proportional to the stress. 

Noano. llidciss inodilied, the (kuluced formulas of nie- 

elianics apply only within the clastic limit. Beyond this 
th(i formulas ar(‘ modified by ex^xa-iimuital coefficients, as 
foi’ instaiKK^, modulus of rupture. 

Modulus of Elasticity (pounds per square inch) is the 
ratio of the iiuvrcamvnt of unit stress to increnuait of unit 
(hvforrnation within tlui elastic limit. 

The Modulus of Elasticity in Tension ^ or Young's 
Modulus, E, is ^•ra|)hi(ailly measured l)y the slope of 
()J* 3); th(‘. compression modulus by the slope of 

()P\ ddie inv(‘rs(^ vaJiujs of E for sciveral matcu-ials 
(‘Xi)r(\ss th(^ rctl;i(tv(^ unit deformations of tli('S(‘. materials 
und(‘r tbc^ same unit str(\ss. E is a nieasure of stiffness. 

Modulus of Elasticity in Shear, F, is tlu^ shearing 
unit strc^ss dividiKl liy the angle of distortion (^xpr‘essod in 
ia.dia,ns. 'rh(a)r(‘tica,lly, F = nE/2{n + 1); and when 
// - /r r„:: (S(‘(‘ Poisson’s i*ado.) 

Hulk Modulus of Elasticity, B, is tlu^ ratio of unit 
str(‘ss, a-ppli(Ml to all sidc^ lac(‘S ol a (Uilx*, (o (/lu^ unit 
(^hajig(‘ of \a)Iiim(‘. TlK^orc'ihadly, B = En/fn ~ 2); 
a,nd wlum n ~ 3, B — E. 

Lateral Deformation, e! , a.(a‘.ompa.ni(‘s longii/udinal (1(‘- 
foi'inallon, e. I^dsson's Batio, m, is tla^ ralio ol c' to e. 
'rh(‘ inv(‘rs(‘ vaiu(‘ of /// is d(‘not(‘d by n, that is, n \/m. 

ValiK's of m giv(Mi by Unwin a,r(‘: Mint (.JIa,ss, 0.21*1; 
lirass, 0.333; (\)pp(a-, 0.333; ( -a,st Iron, 0.270; Wrougld 
li'on, 0.27S; Steal, 0.303; ( a)n(a-<‘t<‘, aaa-ording to Talbot , 
0 . 10 . 

Change, of voliifue, und(‘r longitudinal ddormallon. 
/, d, b, hmglli, width a,nd thickiu'ss; m ■ Poisson’s 
ra-tio; -s - unit dd’ormalion. Ddornual vohinu^ 

(I 1 ,s)lii ms)l}i\ ms)d (1 |- .s 2fns)d)d, 
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Fraotional cliange of volunu?. = (1 2///).s‘. Whon 9U is 

less than ^2 the volume is inero^a-sed in tcvnsion ajid 
decreased in compression. For steel, (///. JfOj <diang(^ 
of volume is about 3^'^ooo clas(l(* limit. 

A bar under stress does not at once assiiiiH^ tlu^ l(aighli 
due to its modulus of elasticity B. Deformation iiro- 
ceeds for days and weeks. These phenomena ol r(uv(li{(il 
elasticity or elastic afterworking do not seem to lx* ol pivu*- 
tical importance. 

RESILIENCE 

Resilience^ K, (inch-pound) is the potential elastic 
energy stored up in a deformed body. For instanct^, a, 
falling weight compresses a spring; the stored energy, or 
resilience, of the material is a source of work a.nd will 
produce return motion in the weight. 

The amount of resilience is equal to the work requircxl 
to deform the volume of material from zero strciss t.o 
stress S. 

For longitudinal deformation (Pig. 3), P = load, 
e = deformation, S = unit stress, E = modulus of 
elasticity, Z = length, A = area cross section, V 
volume. Resilience = work of deformation =■■ av(*rag(^ 
force X deformation = ^iPe = }4AS Sl/E, or 

K = YYiS^jE, 

The resilience for any other kind of stress sia^h a,s sh(\*u*- 
ing, bending, torsion, is the volume tim(\s n conslaait (' 
times one-half the square of the stress dividc'd by (h<‘ 
appropriate modulus of elasticity. 

Resilience of solids of varying section caamof ])o ex- 
pressed per unit of volume. 

Modulus of resilience^ Kp (inch-j)ounds per cubie 
inch), or unit resilience, is the elastic eiux’gy ston'd iij) in 
a unit volume at the elastic limit. For lough, udinal 
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(l(‘f()rniation Kp is graphically inensured by the area 
OPF". (Fig. 3.) Kp = K SyE. 

H.EBILIENCE FER UniT OF VoLUME — K 


.S' ‘ l(Hij(j:irtu(linHl Htreas, So shearing stross, Ji = tension niodiiluB of olasticity, 
F ==■ slicaritiK modulus of elasticity 




1 

SPRINGS. 


1. 

O'enHion or comprcBsion ' 


(darriago 

■ji.SVA 

2. 

Slioar 

HSv^/F 

Flat spiral r(M't 



BMAMS, fre(^ ends 


section. 



(Nos. :i -8) 




;{ 

n (uitaiiKolar section, bent in 





arc of (drclc. No slusar 

Hsyic 


\ 

-1. 

n,<'ctanp:ular af'ctiou, boot in 

UsyK 

Helical - axial 

HSv^ 


arc of circle. ( Circular srad.ion. 


load, circular 





wire. 


f) 

(!irit.n'(Ur(U(‘ti loud. Itec.- 

y{^s\/K 

Helical *- axial 

HSvVF 


tauKular cross section. 


twist. 


(). 

(UtiK'.enirttU'd rnUer load. Cir- 





cular cross Hcad/ion 




7. 

UnifurjH load, llcctangular 

cross s<Md.ion. 




8. 

I-bcam section 





'I'OliSlON. (9-10) 




U. 

Solid, circMilar 

> , Sv^/F 



10. 

Hollow, radii, /i’* and H\ 

1 (/.‘l2 -1- R'i^)/ 





; A'd) 




"I'ho tiJiit/ r(‘sili(‘ji(!(‘ sl.orod iij) at. a stress beyond th(^ 
vldstic liviit is nusisuriMl l)y tli(^ an^a of tlui triangle 
N">S,S' (1^’ig. 3). 

UtiH riiptnrc trork, K,., soiiK'l.iiiH^s ea,ll(‘(l mUnKite 
h^rsil icnrr, is m(‘:tsur(‘d by tin' aiasi of tin' sti‘('SS-d('ror’ina“ 
tioii dia.gra,ni (o ruptun', Of* )' /!/ Ii h*/, (t’ig. 3). 

- j fi fS, (Ny .... iipprox. (()) 

Cu tln^ unit ('longaiion at r'U[)tur('. 

. 27 

]<’or striKiluraJ sl.(‘(‘l, lor instaann', A,. ' (35, ()()() 

+ 2 X 60,000) = J3,95() (ineh-{)oiiMds p(‘r eiibic. iiK^h). 


CHAPTER IV 


MATERIAL STRESSED BEYOND THE ELASTIC 
LIMIT 

Beyond elastic limit in tension Sp, ductile nui((^ria,ls 
like steel enter a semi-plastic stage. The malca'iaJ 
stretches from F to L (Fig. 3) without imuxiase of slaxws, 
and the scale beam of the testing machiiu! “drops,” 
and the hard mill-scale falls from bar. Yielding j)ro(H!e(lH 
from either shoulder of bar to center. Steel shows botli 
Sp and cast iron, neither Sy nor Sp-, wood and 
hardened steel, Sp, but no Sy. 

The shape of the diagram from Sp to Sy depends uj)on 
speed of stress. Ewing found full line for fast, and dott(sd 
line, for very slow, speed (Fig. 3). 

After L semi-plastic and semi-elastic deformations pi-o- 
ceed. One or several contractions of cross section ocanr 
depending upon homogeneity of metal. The viaximutn 
load is reached at M (Fig. 3) when the nuital a,t ojic of 
tkese contractions begins to flow. The cojitracdoii oi 
“neck” proceeds until bar ruptures at It. The clmra.cf.er 
of the metal changes under this excessive (h'forination, 
and, therefore, the actual stress on tlu^Tuptured .s(a^tion 
IS not of practical importance, and is not observed. 

Ultimate strength S,n = maximum load/origina.l area,. 
The elongation and contraction after niiitiun a, re 
observed. 

The load may be release<l at iidxawals to ()bserv(' the 
set, OS" (Fig. 3). 
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Fractu/rc uruhr tcmwn indicia, lo8 quality of nia,te- 
rial, but Ls iidluc'nocMl by spciod a-nd method of producing 
fraciturci, ajid by sha,p(i of tc^st piec-e. A inch, a, 1 tha,t is 
l,ougii a,ud ti])r()us nia,y appear crystalliiui if lirokcai 
(|ui(ikly a,t a, rii(‘k(Ml s(M*,i-ion. (k)utra,(*i ion is grcaitc'st 
in tough a, lid duc'lile, a,nd l(\ast in britt,le, matc'rials. 
ddie ^hdpc of fra,ci.ur(i is usua,lly a ccmtcvr flat surfa,(Hi of 
failures in tcvnsion surroiindcid by a rim on wliicih tJici 
mcita.! sh(‘a.rH. Tlici (vxtcvnt of ibci rim is more pronouiuicid 
wlum th(‘ raXio of shearing to tcvnsilci sfrcaigth is Ic'ss; 
is morci d(iVC‘lo()ed in soft steels; bc^eomes a cornplc'te 
e.oiK' in V(‘ry soft ma,t(a*ia,ls; a.nd vanishevs in east iron, 
'rin^ (iolor, grain and sh(Na,r of thci fra.et,ure are insignifi- 
eaait. Fonnn of frarbire in i-cnision arci shown in Fig. 4. 

Tcaans d(‘S(*ribing fra.<daire arcu silky, dull, granular, 
(•.rys(.a.llin(‘, fibi-ous. 

Failure 'under (u)itrprcsKi(>u> dcqxvuds on material, 
slcmdcuTKvss of spcicimen, and rc^sira-iid, a,t emds or sides. 
Hhort blocks of brittle niaterials in eomjirc'ssion like caist 
iron, ston(‘, (‘(amuit, wluui uneonfincMl at Ihc^ sides, fail by 
sliding a, long inclincal pla-nc^s. angle of tluvsc^ plaju‘s 

is a, function of tin' shcairing stia^ss a.nd of the candlhacMit 
of fri(‘tion of t,h(‘ ma,t(‘ria,l. The (.lu'orc'ticaa,! a,ngi(^ of fra,(^- 
(,ur(‘, with th(‘ cross sc'ction is 7r/4 + wdic^rc^ </> is angles 
of r(‘pos(^ of ma,t(‘ria,l. Int,(‘rna,l camels, vvitJi t,h(‘ir ba,s(‘s a,t 
th(‘ piwssun^ h(‘a,ds of ilio t(‘sting ma.(*hin(‘S, and ])yra,nii(ls, 
form in cylindrica,! a-nd nad-a-ngular speammms 
r(‘sp(‘c( i v(‘ly. 

Ductile or ,soft vinterial, lik(‘ coiiixu- and sof(- s(,(‘(‘l, 
ea,.nn()t bc^ rupl-urcal in caunpre^ssion. F1 u\y bulg(‘, in- 
ercatsc' in (lia,m(‘t(‘i‘ imdcu- incu'catsing sti’C'ss, a-nd (inaliy 
b(aa)m(‘ jila-st-ic a-l- t-h(‘ stre.ss of jluiditiif. d'lia.t is, lh(‘ d('~ 
forma-l-ion [iroccaals unden* a- cainsta-iit, a-c^t-ual sti'C'ss, per 
unit of d(‘fornHal arcai, and is pcu-mancuit,. 
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The product of deformation and load (or normal str(\ss ) 
is then constant, and is oxpn'ssc'd I)y a r(‘c(aji|i;uh*tr 
hyperbola. The outer portions of the str(‘ss strain 
diagram for lead and copper in Fig. 3 are a,p|)roxima,t(‘ly 
hyperbolic. 

Unwin quotes the following valu(‘S for ^)^(^ssur(‘ of 
fluidity in pounds per square inch. Mild shal, 1 12,000; 
Copper 54,000; Lead 1700. Experiment by Halt, gives 
for wrought iron, 76,000. 

The strength of materials of medium duatility, lik(‘ 
steel and wrought iron, in compression is g(m(‘rHlly to 
be taken at the yield point of the material. 



Strength under compression dep(mds on ra,t io of 
length to diameter of specimen. 

The compressive strength of st,on(‘ a, ml concn'l o is 
about 10 times the tensile strength. 

Fracture forms for several materials in compression 
are shown in Fig. 4. 

Failure under pure shear is diflieult to [)ro(lmae 
common form of test introduces bending sl]‘(‘ss(‘s. 

Ratio of shearing strength to c()mpimssiv(‘ stiamgl h is 
not well determined. For concrete and brittle^ imUvrials 
this ratio is reported to vary from 0.32 to 1 .25. 
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The tiUiinuite shearing strengtli of steel n,n(l iron is 
Jiearly tlire(3 quarters of its tensile strengtli. 

HaiKuxtk’s T(wis (Proc. Am. iSo(l T(^st. Mat., 1908, 
p. 376) show the shearing clastic limit of steel and 
iron, determirKRl in torsion, is 0.50 to 0.57 the propor- 
tional el a, Stic limit in tension. 

Failure of steed at or* aliove the elastic limit is accorn- 
Iianied by ai)pea,ran(‘-e of H artnuinn’ s lines on polished 
surfa,(H\s. Idiesc^ lines make an angle, with the axis of 
a tension ba/r, of 03° for soft stcud, and 58° for annealcal 
steel. They indicate a slippage adong (-he ( l('ava,g(' 
}:)lan('S of the crysla,ls of ( In' metal. Htcud consists of an 
aggrega-tion of crysl a,llin(‘ grains scpara(.(Ml ])y films or 
merrd)ra.n(\s of ma-terial of dilfenvnt com[)()sitions. Un- 
der this view failure in tension or (compression is 
(‘ssentially a faihire under shearing stre^ss modified by 
internal fri(d-ion. 



CHAPTER V 


TESTING AND TESTING MACHINES 

Technical qualities of miiR^riMls may hr jatouixmI a.s: 

Technological j having to do wi(Ji iiiajiuravturing re- 
quirements, such as mall(:}al)ilii.y, fusihility, r()rg(*aJ)ili(y, 
bending to shape. 

Physical, such as specific gravity, pla.s(. icily, homo- 
geneity, durability, structural clia,r.‘ic((‘ris(,ics, including 
fibrous, crystalline. 

Mechanical properties oxaniiruul in t(‘.s(,s. Tli<‘.s(‘ a,r(‘ 

listed in table below, together with crileria, commonlv 
used. 


Quality 

Service 

( 'ritiM'iu 


Strength 

To carry dead load. 

Ultimate strength, 

Ciuno wirr. 

Elasticity. . . 

To undergo deformation 
and return to shape. 

Amount of elustie 
deformation, 

ltubb(*r, 

j 

Resilience. . , 

To absorb energy with- 

Modulus of res- 

S<»eoji(l gr(»\vlh 


out permanent deforma- 
tion. 

ilienee. 

liielcory. 

Stiffness. . . . 

To carry Joad without de- 
formation. 

Modulus of ('liiM- 
ticity. 

St<'r| 

Hardness. . . 

Toughness. . I 

To OO withstand w<inr; 
(6) to resist penct.rai.i<.)n. 

iSorateh l.oHt; ali 
rasion Cut. 
ni’innel (nU 

.Mangiuo'sc' ft(**o 


Various conceptions: to 
endure largo permanent 
deformations; to with- 
stand large energy with- 
out rupture. i 

Various 

IC \ f| nln-l , 

1 lie Iv ( u \ u ( H II 1 

Endurance 

jPo withstand repetition 
of stress with small 
shocks. 

I'bidunuKM' lost,. 

Vunjiilium steel. 

Plasticity. . . 

The absence of olasticnty. 

Deform witlioiit 
return or nii)ture 

I.<,ia(l. 
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'I'ehtincj Machines 

'r(\s(Jng Macihiiios rrmst be accurate and sensitive. 

A ccuracy (lei)ends on correct lever pro portioning, 
(tonditiou of knife edges, and stiffness of levers. (vSee 
t]xp<‘rinHviit A--2.) 

For ,s7!7/-,s*/^//>c7ic,s',s‘ knife edgcis should be of small radius, 
a,nd s(.ra,ight, ajid stiff. Knihi edge maclunes are usually 
inorc^ s(aisitive iha.n n(HH\ssary. Ma(dunes should ho 
(‘xaiiiiniMl for el(‘a, rancid of havers from frame of maehin(\ 
(S(H‘ Mxi)(‘rinuvnt A-2.) 

Si)(‘eirn(‘ns under tc^st should not he subject to sliocks 
or vibra-tious a, rising from tlu^ power (dements of the 
ma(ddn(‘, a^s for inslajua^ inertia of levers when specimen 
ta,k('S suddi'ii (ilonga-tion, or l)y tlie action of the pump in 
s(‘tting a. body of li(|viid in motion. 

Ma,(ddn(‘S va,ry in ca.pacity from wire tc^ster of 600 lb. 
(\a,pa.(dty to U. S. Govt, maehincvs of 10,000,000 11). 
ea, pa, city in (a)mi)r(‘ssion. .For ordinary use in a com- 
nuaada,! la,l)()ra,t()ry, a, inac-hiiui of 200,000 11). (uipaeity is 
most sui(a,bl(‘. .For inst, rued, ion of studcaits a nuudiine of 
30, 000 11). ca,pa,cil,y is most eonvcaucait. The prc'scmt 
limit of s(a*(‘w-pow(a- s(uil(^ b(^am machiiu^s for tension 
a,nd com pr(‘ssion is i, 000, 000 lb. 

Tli(‘ following l,a,bl(‘ of largi^ caiiacily hasting rnaehinciS 
is ta,k(‘n from a,n a,r(,i(rl(‘ by F. L. La.si(‘r in th(‘ [iroccodings 
of tli(‘ Am(‘rica,n Soci(‘ty of T(‘sting Ma.t(‘ria,ls, 1013. 

Sta,li(^ t(‘sting machines must provid(‘ propeu' m(‘a,ns for 
(e) holding sp(Mam(‘n, (/>) api)lying loa.d, a.nd (c) vvadghing 
(li(‘ loa,d. M(M‘ha,nica,l probkans of g(‘a,ring, absorbing 
slio(d\, and oiling inusi, b(‘ solvial. 

(d) ]foLl)lN(J 'I'lrn Sl’KOIMMN 

Tension and Compression. It is impoidant m ((\sting 
a, sp(‘cim(m in ((uision a.nd compi’<‘ssion, that t,lie load 


Large Capacity Testing Machines in the United States and England 
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is apiilied as nearly as possible in tlie .'ixi.s of the 
piece. This implies that Uio si)e(hmcii shoiilil lie ac- 
curately centered in the testinf; macliinc. d’he common 
method of holding the test bar is by scrraied wedges 
with flat face, which is suitable for iluctilc imden.als. 
For brittle materials, or short spc'cimens, i(. is custoomry 
to use a spherical, or universal, joint between ilie sjieei- 
men and the testing machine. These if correelly 
designed do away with bending and Imekliag in tbe 
specimen. 



Fig. 7, — Method of i?ripping tcHt Hpooiiuen in l.nmuon. 

Fig. 5 and 6 illustrate the adu|)tati()n of univfU'Hjil 
joint to tension and compression t(\sl.s.‘ o shows a, 

convenient apparatus for gripping tlu^ slnjida-rd short, 
screw-end test piece and Fig. (] shows (,h(‘ coimnon 
method of supporting coruov.U^ or o(,h(‘i- lik(‘ inidoriol in 
compression. A bedding of Pla,sl.(‘r of I'n.ris or blotting 
paper is used between the sp(‘cini(Mi a,iid tin* snrfncos of 
the machine, to give an evt^n a,ppli(%’d ion of tin' lond. 

Fig. 7 indicates a correct and an incornM-t, way to griji 
a specimen in tension. The test pusa' should (‘xt(‘nd 

^ Note: For coniprcssioii tests of ooiicrote tlu' splu'iic.al l»<‘}iriiig 
plate should be placed on top of the sjjocinien. 
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through the grips and these should have their full 
hearing over their entire length in the heads of the testing 
machine. 
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specimen. In case an auxiliary straining: Ix^aan is iis(mI, 
rollers are especially necessary to ])r(‘V(‘n( coinjjounding 
of straining beam and specimen through ( he horizon i n, I 
shear at the loading points. 

Figs. 8 and 9 show apparatus as used by the Id)r<‘si. 
Service in the tests of timber. In Fig. 8, tlu^ su[)port ing 
beam is conveniently laid across the w<‘ighing l,n,bl(* of a 
small capacity testing machine. The rollers n/nd pln,i,<\s 



between supports and specimen i)r(W(mt local failiun^ 
and binding at the supports. 

In testing large beams, Fig. 9, it is customary to n,pply 
the loads at the third points by uuNans of n,n n,uxilin,ry 
beam with rollers and plates. Tlui knifes (Hlg(‘ suj)porls 
are, in this case, so constructed that tlu^y ro(‘k i'rvvly n,s 
the beam bends downward. 

Shear Tests. Shearing shacklc^s and tools shoidd i)ro 
duce pure shear without l,)en(ling. Jdg. 10 shows a, 
simple and reliable shearing tool for t(‘sts of limber. 
It is supported directly on tln^ w(Mghing table of lh(‘ 



TRHTlN(i AND TMKTIN<{ MACHINKfi 


27 


tosf.inf^ iniu'iiiiu^ and I, lie plnngnr (ioiiiok in direct contact 
with the uinler .side of tin; niovablo head. 

(1)) Mjstiioi) ok Ai'pnYiNO thio Load 

Loads a.re ai)pli(sl mainly by screw power (Olsen or 
Rieldd); or (2) hydraulic power (Emery or Amsler). 



Fiu. ll.- T iiiJi I ic vi(^\v <tl :i mncliinr. iModilitul 1 roin 

H aiidl >(n)k of rcHl.irif.' M » 

Screw Machines. Am(‘ri(*a,n inucliiiKhs ;u (‘ coininoiily 
of screw power. Old screw inaeJiines should b(‘ ex- 
iuniiKMl to s('(‘ if lh(‘ w(‘ar of th(‘ l-hiaaids |)roduees lui 
oseilljil.ory inodoii of ( he ((‘sl in^' luaids, 

11 r(‘pr(‘seiits by diagram a Ri(‘hle ItLsdiig iiui- 
ehiiu\ Tliis is a two-ser(‘W inaehin(‘. ,Hy rotation of 
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the screws about their axes, the pulling liead is inov(‘(l up 
and down. Suitable gearing gives a varied, y of six^eMis in 
either direction. 

Fig. 12 shows an Olsen maehiiuL This is g(‘n(‘raJIy 
a four-screw machine, sornetinu^s thr(‘(^ In Ih is <yp(‘, 
the pulling head is madfe" to move up or down by tln^ 
rotation of large geared nuts stationary in (h(‘ l):is(‘ of 



the luachiiie. Ihroxigli t}H‘S(‘ nuls pa,ss (In^ inein scr(‘\\.s 
to which is attached the pulling lu^ad. 'TIk' scivws do 
not turn on their axes. 

Hydraulic Machines.- llydmulic inadiiiK's, now 
Ix'coining inor(‘ ])opular, ha,v(‘ injuiy advent ag(‘s in 
niaint('nan(!c, ste^ady loa-dijig, a.nd in d(\sign of central 
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power i)l{tn(i for IjiboniLory. T1 h‘S(^ soinei,irri(\s involve 
fri(^in)n of in (\yli.n(l(‘r, whicli is not important 

in lar^'c^ nniehiiK's, ;ui(l w]n(‘li is ohvijited in sina.ll ina- 
eliin(\s (y\insl(‘r) by us(^ of a noa,ti,nj^* piston a,n(i a viseoiis 
fluid lik(^ (*a.stor oil. Id'oixa* provision should l)e made to 
hold a s((‘a,dy load. 

hdfi;. 13 shows tlu^ Artishvr rtiachim^ of sma.ll (aipacdty. 



I''r<j, l.'{. ■ I )i!i|r,riuii of Ain.sicr ((‘.Mlinj.': ( I''rom Wnwr/.i iiiok.) 


As sliowii, (Ju^ ma.(*hin(‘ is (Mpii[)p(‘d with a. ha,nd pump 
a,nd a, HK'reury (*olunm loa,d indi(^a.tin^ (hwiece 'Vo th(‘ 
riji;ht is shown th(‘ more (a)mmon p(mdulum iiHd.hod of 
indiea,ti n,ii; loa.d. 

bijj;. I I is a, dia^ra,nmia.tie. skfd.eh of a, v(‘r(.iea,l Itnuu'y 
t(‘stina‘ ma,(‘hin(‘. TIk' hvdraulic <*v'lind(‘r .1 is (ixasl \o 

1 1 Sc Lib B'lore . . . - • 


620 




7554 
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tlie frame D of the machine by the main rods 'Vho 
plunger B is attached to the gripping api):ira,(,us. The 
weighing system is independent oi the p()W(‘r sysiimi. 

Impact Machines— Impact testing nuu^hiiuNs luv. (I) 
with vertical guides, or (2) of pendulum tyix^ Pro- 
vision sliould 1)(‘ for m(\n,s- 
uring en(n*gy naiiiuniiig in 
hammer aft(‘r ruplur(‘ of 
spechmen. h'or this pur 
pos(^, the hamtmn* imiy faJl 
on a siH’ing (hhaanont nm,- 
chine), or, [xunhl atl;u*h(‘d 
to the hanmua* may \vrit(‘ a 
velocity- d i s j) 1 a, c (' m n (, 
curve on a nwolving drum 
(Turner ma(‘Jun(‘) . M (d Ik m I 
of release and hoisi, a.iid 
mechanical details diHer, 
Machines should Ix^ (‘x~ 
aniined for: (a.) fi( of lia,m~ 
mer in guid(\s; fimdiou; 
pro|)orti()n of h(‘igh|, of 
hammer to (d(!a,r width lx‘- 
tw(ien guid(‘s; proportion of 
weight of lia,mm(‘r (o foun- 
dation; perfection of release; shaix^ of striking (‘dg<u 
Hammer should deform specimen as a vvhol(‘. Loss of 
energy at surface of impact and in foundation du(‘ to 
inertia of specimen should be small. 

Fig. 15 illustrates the Turner vertical tyiK^ of impa,ct. 
machine as used by the Forest Service; in impa,ct. Ixmding 
of small specimens. The pencil on the failing ha,nnn<‘r 
makes a record on the revolving drum. 

The drum record, Pig. 16, represemts a tevst of a, sp(x*i- 



Fiq. 14. — Diagram of a vertical Emory 
testing macUiue. (From Unwin.) 
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men In-oken in seven blows of increasing heights of 
haimiHir drop. The record gives the rebound heights 
!i,nd tlu) (lefkiction and set of the beam for each blow. 

The drum record, l('ig. 17, represents a test of a speci- 
men broken in a single l)low of the hammer. The dnim 
velocil.y is given by the tuning fork record T-T. The 




Section a>5 


I lu) I uriKU' iriipnct iiukmuiku 


0 0 is (Ik^ positioii of Ihc luininu^r a,t instant 
of striking tli(^ sixM-inuni. v(‘l()(*i(.y of Inuninor 

;it that poinl, nniy Ix^ obliiiiuxl from (lu^ slopes of the 
(Uirv(^ at/ th(‘ point- of (n'ossing. .l)ista,nce ii[) from th(^ 
(latum lin(‘ i*(‘pr(‘S(‘n(s frix' fa.ll ol tho hamimn*. l)istan(*-e 
down from the (hitiim linc^ to point of ruptiin^ (' ix^pni- 
simts r(‘st/ra.in(*(l fall of the hainnior and dciforination 
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of the specimen. Below the* point of rupture, tluj luuu- 
rner has free fall and the residual energy may be eoin- 
puted from the velocity as given by tlie (Uirve slope. 

Endurance Machines. — The al)ility of metaJs to 
withstand a rapid reversion of stress is a,ri imporijuil 
property. Heat-treated automobile or other inaeliiri(‘ 



Fid. I (i. —Drum rccdnl, Turru^r Iinpjirt m.'U'hitic. Specimen 1. token l.y Mev<m 
lilows of li;i,niiii<(f. 

l)arts are tested for this quality by iiK'a.ns of (Ik^ (‘iidur- 
anee testing machijK' as shown in Tig. IS. 

1 ho test pi(H;e /I, a(a*urat(‘ly ina,(*liiiK‘(I (o si/a* aaid 
shape, is rigidly grip])e(l in tln^ pnlhy />'. pullry 

is seated and free to turn in ball Ixai, rings in tln^ lVa,in(' 

By means of the yokes C~ C and tlnar waaght siipporling 
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standards, a load may bo api)li(‘d to (‘a, eh (aid of tin* 
test specimen. The pulley is mad(^ io rola.<(‘ l>y h(‘ll 
connection to a motor. The spc'od of rola-tion is usuaJly 
1300 r.p.m. The stress in the top a, rid boKoni is 
nately tension and compression in rajiid suc(‘(\ssi()n. 
Complete failure occurs at the (Hlg(‘ of tli(‘. (ill(‘ts a.fl(‘r a 
varying number of revolutions and a,t a sti’(‘ss 1 k‘1o\v tlu' 
elastic limit of the metal. 

Special Test. — Hardness is not \v(‘ll d(‘lin<‘d, nor 
uniformly measured. Unwin d(vfin(‘s i(. as rcssistiima* (o 
permanent or plastic deformation. In this (hdinition 
it is distinguished from resistance to al)ra,sion whieli is n, 
compound of other qualities. 

The best test for hardness is the brimtll I'Jall ((‘si . A 
hardened spherical ball (10 mm. dia,m.), is foreisl into a 
flat surface under a static pressure of 3()()() kg. and oOO kg. 
for soft metals. The time of pn'ssiirc^ should Ik* at 
least 30 seconds. The specimen is .10 min. (liick aaid do 
mm. wide. Hardness = pressure / eurvial a,r(‘a, of (h'- 
pression. A fixed ratio exists betwe(‘n luirdness and l(‘n- 
acity of steels. Martens uses the depth of tlu^ impr(‘ssion. 
With balls 5 mm. in diameter the ralao of loji.d to 
depth is constant within a depth range' of O.Of) mm. Th(‘ 
hardness number is the load necessary (o indi'nt, maO'i-iid 
to 0.05 mm. 

For instance, Brinell hardiness mimlx'r is as follows. 
Acid Bessemer steel, carbon 0.10, hiirdm'ss numlxo-: 
rolled, 100; annealed, 9G. Basic BcsscifK'r steel, (vu-hon 
0.12, hardness number: rolled, 7(); ann<‘.M,l(xl, SI. 

A more recently perfected nu'thod For d('t(‘rniin;i,tions 
of hardness is by means of tlu^ Selerosecjfe, In this 
instrument the height of rebound of n. sum, 11 dia.inond 
pointed tup is taken as a measures ol t,h(' luirdiK'ss ol tlie: 
surface upon which it is caused to fall. The. ludglit of 
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drop is a fixed distjincc. area of (‘.ontn-et of l-h(' 

(liiuiiond point, is so small that, the metal upon which it 
strik(« is strc'ssiHl beyond the elastic limit. 

Th(! tensik^ strenjrth of steel in pounds per square 
inch is obtained from the following equations. 

'lAltLE 1.- MqUA'I’IONS (’ONNEOTINO MaXIMUM StHEN(}TH AND 

Bhinell Numhehb 


Kind of hUm'I 

1 

I'icinutioriB 


('iirboa Kt(Hil 

M - 0 . 73 H - 

28 

Nicikel stcHil 

M - 0.71 B ~ 

32 

(diroriie-vanadiuin steel 

M' - 0.71 B - 

29 

Low-chrome-nicsktil steel 

M - 0.68 B - 

22 

High-cihronie-nickel steel 

M - 0.71 B - 

33 

All HttHils grouped together 

M - 0.70 B -■ 

1 

26 

'FaHLE 11. — h^QUATIONB CONNECTING MaXIMUM StUEN(JTH 

AND 

ScLEiioscopE Numbers 


Kind of HtiHsl ! 

I'iquationa 


Carbon steel 

M - 4.4 S - 

28 

N ickel steel 

M = 3 . 5 5 ~ 

6 

(ilhroine-vajuuliuin steel 

M = 4.2 B - 

21 

IjOW-chroirKsn ickel st(‘.el 

M - 3.7 B - 

1 

High-chronK^-iiickel steel 

; M -3.7 B - 

3 

All Ht(U!ls grouj)e(l together 

M - 4,0 y - 

If) 


M is ina,xinmm sin'ngfh iu lOOO pound p(vr s(iiiar(^ 
in(d\ unils. 

Ref vr cure r ProecHMlin^s of flu^ Anu'rican So(U(‘iy for 
'r(‘s(,iu^- Mill (‘rials, 1915. 

((;) Wkkjiuno MixaiAN-rsMS 

1. 'rh(‘ most conunou ty[)<^ is th(^ 1(‘.V(U‘ system. 
Th(‘S(‘ a,r(^ illusi,rat(al in l<'i| 2 ;s. 1.1 and 12, diagrammatic 
repr(‘sentations of tlu^ Olsen and liiehl6 t(‘sting machines. 
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All lever bearings and connections arc Inirdcnu'd s(ccl 
knife edges and plates. Load is iiidi(^'it(‘d i)y (In' posi- 
tion of the poise p on the weighing boa,m. 

2. A gage or inanometric colninu iudi('at(',s l,h(! pr(>s- 
sure in the cylinder of hydraulic iinwLiiics. .Sometime, s a 
pendulum lever is employed to serve ilu! sa,m(' piirpo.se. 

Tlics(i (..V|)(‘H !ir(^ il hi, s- 
tnilicd in, Fiji;. Fi in (Ji(‘ 
(liiigra/in of Ainshn* 
nuicliiiuL 

3. |)r(‘SHur(‘ from 
Uio \v(a*ji»;hin|i; (dil)l(‘ is 
t nu isi n ill t(Bl lo n, liy- 
(Inuilic |),’i(l //, in h’i^', 
14,a,n(l lJi(‘nc(‘ j,oa, niaaio- 
nuiiric^ coliiinn or a,.s in 
the h]ni(ay ma,(‘.hin(\ to a, 
sc^paradf^ l(‘V(‘r syslcnn 
th(^ fiih^lii’a, of wliich a,i’(‘ 
oL'istin ])la,((‘s. 

4. A I(‘ss(*omnion (ypr 
is iha,!. in which (h(‘ 
foi’inadions of a. porl.ion 
of tho rra,ni(‘ of (h(‘ ina,” 
chin(‘ a.r(‘ in (s*is n n‘ d. 
TIh' load! is indica,((‘(l hy 
a. in(‘a,surinji; a.ppa.rafos 

or by the clnuig'C in voliiuu^ of a. liydi’aiilic. clnunlxa’ 
which in turn is recorded on ii fluid cohinin. A dia^rain - 
matic view of this is shown in Ih. d1ii‘ vimv shows 
one of tJi(^ nuiin rods /^ -A of thi' ina.chiiHa This is 
fixed to the franio A of the lua.chirKa As ( In' loa.d coiik's 
on B, the deformation of B cha.n|^’('S (Ik' vohinu' of th(‘ 
chamber C~C, and is registered by a, fluid cohiinn or 
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(umvoniivni, moMiis. The load value of the column 
is dctermiTUHl l)y ciUibration. 

EXTENSOMETERS AND OTHER DEFORMATION 
INSTRUMENTS 

I^)r iJu^ d(‘Un’miiia.ti()US of yield point of tension bars 
jirid (I(‘(l(M*ti(>ri of Ix^ains, insl.runuvuts rc^ading l.o 0.01 in. 
ar<‘ snfli(‘i<nit. Uut for the determination of clastic 




limil, modulus of <T‘isticity and for nuui.\’ other 

pur|)os(‘S, d( ‘i oriiiat lion inst/ruuiKUits rciu-diuji;; t.o 0.0001 in. 
ar(‘ r(‘(iuir(‘d. 

Mxti(‘iisom(‘ii(‘rs nuiy b(‘ ('lassili(‘d: 

1. M irroi/irfcr srrciv, S(‘(^ 20. Th(‘S(‘ a,r<‘ v(M-y 

reIiaJ>le for (‘xpiu’iiuici'd Ia,bora.tory use: but. a,i’C‘ si'ldoui 
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uh(h 1 for work. The of the ini(UT)meter 

pointuS is h(‘st detenninecl by ino<aThs of an elec^tric cireiiit 
arul a t(^l<^|)h()ne rec(uv(‘r in .series. 

2. Holler dial (Johnson type), See Fig. 21. A simple 



Kiilurittxl IIulo fur Hurry titiQiIa 
Untp;«. In Htuul liiu: 


Fid. 23a. 



luBcrt 1x1 Ounorotu fur Ouiiiiirufinlon 

Fia. 235. 


typ<^ for lal)oratory iise but unreliable on account of 
Hlii)pag(^ at th(^ roller. Jliere is also error introduced by 
th(^ w(‘a,r of the rolhu’. Tlie readings are given direcd 
on the dials. 

.‘b Holler mirror j see Fig. 22. 

This is v(vry delicate and nJiable, 
but unsuitcHl to student or routine n. -■ 
work of t-hc laboratory. The in- 
strument must 1)(^ used where 
th(‘r(i is little^ vibration or jar. 

4. Lever type, (^xn,mpl(\s of these 
ar<‘. tlu^ ()Is(m Mwing a,nd B(a*ry. 

'V\\o last of tli(‘S(^ is pa.rljcula.rly 
w(^ll a(la.p(,(Ml (,o a. large vari(‘ty of 
pra,(Jj(‘aJ work both in th(^ la,b- j(| 

oraliory a,nd in th(^ h(‘ld. In l'’ig. I 

23 is shown iJiis instrunuud- as I 

ma,(l(^ wilJi (a)n(,a,(J, points for us(‘ 
in r(‘infoi*c(al (a)ncr(d-e work aTul 
with adjustal)le ga,g(i hmgth. Tlu^ eonl.aed points 
an^ pla(*(ul in small counbu'-bored hol(\s in t.h(‘ ((‘St 
[)i(‘e.e. In some cases, the instriinumt may b(‘ hxed 
and li(‘ld in t(^sting position throughout lh(‘ loading, 




Fkj. 2;{r 


F\t('!tis<)m(*l (M' 
with AiiHis (liitl.s. 
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but generally it is removed n.ft(‘r rts-iding is 
In using the instrument, j)ro|)(‘r (^oi-hm'IJou must i)(‘ m;i(l(‘ 
for changes in tempera, ture. iustruiiHuit rt'jtds 

directly to 0.0002 in. and clos(a’ l)y (‘sl imatiori of pa,rts 
of a graduated division. 

The following precautions anj taktvri in using l.h<‘ H<nay 
strain gauge: 

1. The instrument is sedated in the hob^ f) t iim^s for a,n 
observed length. 

2. A preliminary series is taken in rnuv lioh^s. 



3. After five sets of readings, the instrumcmt is r(‘n,d 
on a standard bar to check up changes in the inslruimml,. 

4. To reduce observations for l,eiinp(‘i*Jitur(‘ eh<‘ing(‘s, 
readings are made on a specimen whi(di is without loa,(h 
and which is exposed in the same manu(‘r as iJu' sp(M-im(m’ 
under test. 

5. A single observer should mak(^ any s(4, of n^adings 
and always in the same order. 

6. The instrument should be iipplml a,t riglil, a.ngh's l(» 
the bar and with uniform pr(\ssur(L 

Compressometers.^The simpk^st lypi. of (,,nip,vs 

someter is shown by diagram in ITg. 24; this is a, good 
practical instrument for rough work. It r(^a,ds diivel ly 
to 0.01 in. and by estimation to 0.001 in. 
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Fig. 25 illiisi, rates an instniiiient designed for closer 
mor(^ ac.curtvte d(v(,(‘rininati<)ns. This couiiiressoineter 
iKHuls v(vi*y (‘ar(‘fnl liandling for the best, resuli-s. Better 
s(n*vi(‘(i may b(‘ a,(?coin])lish(Ml liy n^placnng (he electric 
l)(*ll by a t(‘l(^|)hone reci'iver, to give the rnicromettn- 
cont-jict. T\u) iust.rununit reads directly to 0.0001 in. 



25 . - -'I’lii) Ol.scri 


A (‘om j )r(‘ss()m(‘(/(‘r lor short (uilumns ol tbnbe:!’ wlii(‘h 
lilts IxMoi found very useful for student work by th(^ 
.‘tuthors, is shown in I^hg. 20. dAvo yok(‘S Ix'Jiring Aim^s 
dials a,i-(‘ atiMaclu'd !,o the sixM-inum by four coidoid, s(‘.rt‘ws 
e:teh. As l-h(' \n(H‘.r is d(‘form(‘d, (,h(‘ r(‘a.dings ar(‘ giv(Ui 
on botJi si<l(‘S l>y the Ann's dntls. llu'se; la'ad diiiatt to 
O.OOl in. and liy (vstimal.ion to 0. 0001. 
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Autographic Recording Apparatus. — A drum, Fig. 
27, is fix(Hl on tlie frame of the testing machine and put 
in gear with the specimen so that the rotation of the 
drum is f)roportional i.o the stretch of the specimen. A 
pcuieil in g(‘.ar with the poise moves parallel to the axis 
of (Iriim. As the test proceeds, the diagram on the 
drum ha,s ahs(‘issie of deformation and ordinates of load. 
In souK^ 1,ypcs, tln^ poise is replaced by a spring at the 
(vnd of tli(^ sc.ah^ beam. As the load is applied tlie scale 
Ix^am rises a,nd the spring measures the load. The rise 
of tlie beam actuates idle pencil on the drum. This type 
yields delicai.e load measurements. A home-made 
simpl(‘ autogrjiphic device is made of a steam-engine 
indi(^al.<)r on this phui. 

Autographic, rex'orders are not auitabh^ for the delicate 
uHXisurimnmi.s for ('histic constants and are of limited 
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r A < j w; 

F-6. Bond Strength of Steel iti ( 5()n<!r(‘te. 

F-7. Test of Reinforcing Fal)ric. 

F-8. Cross Bending and Conipnwsion 'FestH of Ihiild 
ing Brick. 

F-9. Tests of UxRnforc.ed ( (\)liniiris 

Article 8. Tests of Road Materials MO 

G-1. Rattler Tests of Paving Bricks. 

G-2. Absorption Test of Paving Brick. 

G-3. Abrasion lest of Stone. 

G-4. Cementation Test of Stone or Gra,v(‘l. 

G-5. Hardness of Stone as DeterniiiK'd in Dorry 

G-0. Impact Test of Stone, Standard dVst foi 'PouglH'SH. 

EXPERIMENTS FOR ADVANCED WORK 

The following list of experiments re|)res(‘ii(,s subjects 
for special tests to be carried out by the student . Some 
of these may also be made tins sul)jeet of tfn^sis 
investigation. 

Iron and Steel.— Tension test of win;. Slu'aring 
tests of steel or iron. Tests of chains, hooks and rings. 
Tests of effect of shop methods on strength of st.ecd 
and iron. Fle.xure test of I-beams. Test.s of ear 
bolsters, side frames, etc. Test.s of Hal, springs in 
bending. Tests of built-up columns. 'Ik'sts of nu'lals 
in rapid reversion of stresses using \Vldt(!-Houiher 
machine. Tests of various forms of joiid.s. Tests of 
hardness of metals using Sclero,seoj)e. 'rests of alloy 
steels. Tests of stexd plates. 

Wood, -lension ol various wood spli<'(‘,s and joints. 
Indentation tests of wood. Wood in shear. 'I’orsion of 
wood. Spike pulling tests of w<»od. I'lalc and vva,slier 
bearing in wood. Tiists of wood paving blocks. 'I’esls 
of treated timbers. 

Cement— Determination of w(dght per cubic loot, of 
cement. Itffect of fineness of grinding on [)i'operl i(‘s of 
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(joinont. ICffcuM. of varying amounts of gaging water. 
Effect of wai.c'rproofing metliods upon strength and 
har(ln(‘HH. '['('sts for adultc'rants in (umients. Effeet 
of oils on i)r()p(‘rti(\s of (‘.(Muents and cement mortars. 

Concrete. Si rengt.li of concrete with clay adtnixtui'C's. 
'E'sl s of c.on<*r(‘t(^ columns, plain and reinforced. ( V)n- 
(!r(‘i,<' in sh<‘a.r. Bond of steel in concirete. Testes of 
concr(‘t<^ T-lx^anis. (V)ncr(d,e arches. Tests of porosity 
a.nd ])(U*in(xd)ility of concndo. hlhuvt roly sis of st(‘-el in 
(‘,onc.r(d.(^ MochiiK^ vs. Imjid mix(xl concrete. 

Brittle Materials. ( 'ompn'ssion i.ests, fire tests, 
fr(x‘zing t(‘sts. Absorplion tests. Test of patent 
roofing, flooring or oflna- Imilding material. 



CHAPTER VI I 


INSTRUCTIONS FOR PERFORMING 
EXPERIMENTS 

Article 1 

TESTING MACHINES 
Experiment A-1 

Study of Testing Machines 

In this experiment, the Ix^conK^s a,e((ii;i.in<c(l 

with various types of testinj*; iiutcluiu's a, rid ^a,ins skill 
in their operation. 

References . — Standard Mc'ihod.s for 1Vs<iiif»’, E I IS, 
A. S. T, M. Standards 192*1. Johnsoirs Ma.l(a'ia,ls of 
Construction-rewritten by Witlu^y aaid Aslon. ID. 

Materials. — No material to b(‘ (.(‘st{Ml. 

Special Apparatus.— Various j,y{)(\s of Icsiioii; rna,- 
chines as assigned. For (aich nia.clun(‘ a,ssigii(M|, i;i,l)u~ 
late: capacity of machine; of huikk'r; voi’lic;!,! or 

horizontal; number of scnnvs; (lriv(‘, /a:., Ix'K, (lir('cl 
connected motor, hydraulic? 

Procedure, (a) Study op(‘ra.tion of ma.cliiiH'. Each 
student should beconu^ familia.r wilh oixa’a.l ion of ma, 
chines as he is responsibk' lor })r(‘akaig(‘ dui' lo miioraoco 
and carelessness. 

(6) Tabulate numb(‘r a,iid dir(‘c(ioii ;iii(l valm* of 
the various speeds with which moving lusad c;in hr 
moved. 

■IS 
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(r) study jind skotcli the weighing table with lever 
sysl.eiu ,‘ui(l wcughing devieo. Sketch the various posi- 
l.ions of (^ontfol iuid speed lovers. 

General Rules for Operators. — 1. Do not start 
iniK^liine into n, e.ontinued motion without first ascertain- 
ing th(^ dii*(‘(d-i()n and speed with which it will move. 
k]x(.ra, pr(‘(^a,ution in tliis respect must be used if 
th(^ m()vaJ)l(^ head is near top or bottom of its range of 
inovamKud-. 

2. Do not stn,rt t-liie irnudiine with too sudden a motion 
a.s th(‘r(‘ is da,ng(n’ of stripping a, gear, throwing a belt, 
or- injui-y to (‘huda’ical (H|iiipinent. 

d. Do not r(wei-se dii-(‘(d)ion of motion or change 
sp(‘(Ml withoid^ first st()f)ping the machine. 

1. Stop arid sta,i-t th(^ motion with the lever provided 
on iJH‘ ma.(drin(‘, not witli the counter-shaft shifter, 
nor- wil-h iJi(‘ (^l(‘(d fie. swit(^h. 

T). WIkui l(‘a,ving the ma, chine ahodi/H see that the 
mof-ion is stopped and counter-shaft is shifted to loose 
|)ull(‘y . 

Discussion of Results. -In tlui rc^port, answer the 
following (pK'sl ions: 

1. Why is th(‘r(‘ ikhhI for (HUitering the speedinen in 
th(‘ t(‘s1ing ma,chin(‘? 

(d) With i-(‘ga,rd to (‘fhad, on tvsi. pi(M‘(^ 

ih) With i'(‘ga, rd l.o (dha-f. on ma.ehin(‘. 

2. Why ea,n no(. lh<‘ friction <lriv(' and main ehiU'h 
driv(‘ 1)(‘ us(m 1 siinulta,!r(‘ously? (ddiis I'^dVi'S lo Olscm 
friclion t\’p(^ of ma,eli in(‘S ordy.j 

d1i(' slow sp(‘('ds in lh(‘ Olsrm typ(' of maehiru^ ar(‘ 
soiiKdiriK'S ol)(;un(Ml by a, fi-ielion drivrs In th(‘ lti(‘lil(' 
typo tboy af<' obla/mi'd by a. syslfin of grau’ing. 

{<!) Sta<(‘ a<l vaidag(‘s a,nd disadvanf-a.gr's of tlu' fric- 
tion driv(‘ for slow sp(‘(‘ds. 
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(b) State advai)ta^»:os and (lisa,d\L‘uit}ij^’(‘s of tlu* ^;ear(‘d 
drive for slow speeds. 

4. How is shook arising' from ru|)(ur(‘ of spi'oinum 
absorbed in the machine? 

5. Where are the main wearingsurracc's in I h(‘ ina.chin<‘? 

6. What is the purpose of (a)thc coun|.(‘r-p()is<‘, (/>) 
the count cr-w('ig[i 1: ? 

7. Upon what does the accuracy of a t<^sl ing inachirni 
depend ? 

8. Upon what does tln^ s(msil.iv(m(^s.s of a (, (‘.sling 
machine depend? 

Experiment A--2 


Calibration of Tfstino Maoiiinfs 


References . — Standard Methods for d\‘.sting, 1< \-2\ 
A. S. T. M. Standards, 1924. Johnson’s Mainrials of 
Construction— Rewritten by With(‘y a,nd Aston oaon 
98. ‘ ‘ 


Testing machines should be calibra/lvd a,t htast ono<^ a 
year. This experiment will show th(‘ coinmon nn‘|,ho(Ls 
of calibration. 

I. Accuracy of Machine Over a Part of Its Range 
of Load.— The testing inachiiu; may he I,e,sl (-<1 for ji,eeu- 
racy by loading the weighing table with sla, ml, a, nl weights. 
The weights should be placed imirormly on the i;i,h!i' ;ui(| 
beam readings taken for th(( v;i,rious weiglit.s applied. 

Ihis is the easiest and .sim])le.st manner()re;i,lilii;i,l ion of 
a testing machine hut on accounl. of ilm limiied .si/e of 
weighing tal)le only a small part of (he (oinl e;i.p;ieil y of 
the machine can be appli(>d. However, (h.' proiH,,-.. 
tionahl,y of the levers and weighing heam e.|,n he e.sl.n.h- 
hshed and if the maehino is eornwl.ly desigmsl, tin' 
relation will hold constant for all lo-uls. Ainxiliurv- 
levers are also commonly used for lliis [lui'ix.se. 
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IL Accuracy of a Machine Over a Part or All of Its 
Range of Load. -If the accuracy of the inachino over its 
\vliok‘, range, is (l(‘,sirc<i, a known lojul may be applied by 
i\, si,an(iar(l (*,jdibra.tion bar whoso modulus of elasticity 
has l)e(m a,(!(uirately detcrinincd. Tin; ])ar should be of 
sullicicmi, stinvngth so that the load desired should not stress 
it to or iK'ar tln^ (dastic liniit,. The l)ar Kshoiild Ix' (‘arcvfully 
c.(‘.nt(U’(xl in tli(‘ machine and gripp(xl with the. s])heri(*al 
Ix^'wing nut jit tln^ (uid. The kmgth of thci ])ar iiuxisurcxl 
by th<‘. (‘xt<‘nsonu‘t(‘r shall ])e sufficient that tlie smallest 
division on (‘xttoisoimd.iU' shall correspond to a differenc.e 
in lojulingof (). 2 ])(U‘ c(mt. of the capacity of the machine 
or l(‘ss. Th(‘ (^xt(uisomet(U' shall read deformations to 
{).()()() 1 in. or l<‘ss. 

Th(‘ ]>(‘rc.('nta,g(‘. of (‘rror in the testing nuudiine maybe 
d(‘t(vrmin(‘d t)y c.ompjirison of ihe determined modulus of 
(‘lasliciiy (s(‘e lOxjX'riment B- 4 ) with the previously 
known (x>rr(‘c,t modulus of the stauidard l)ar. 

III. Tests of Sensitiveness of the Machine at Differ- 
ent Loads, Pkic(‘ in (he inachim^ a bmsion ])ar or a, coin- 
pr(\ssion block of such siz(‘ tiuit iho maximum load will 
not, s(,r(‘ss it. t.o tlu^ (d;i,sti(^ limit,. Jjoad tlu^ spcxdmcm to 
j 10, j 2, n,nd ;tj () tlu‘ (\M,])a(‘ity of tln^ luiichine. At 
(‘a(‘h lojul, baln,nc(' tlu' w<ighing Ix^jun n,nd pkux^ st.andard 
\V(‘ights upon th(‘ weighing t,a,bl(\ A w(‘iglit- 3 *250 
lon,d n,|)pli(Ml on (h(‘ imtchim* should pixxlmx' a, nvidahk' 
mov'cimuit, of I h(‘ b(‘;i,m. 

Experiment A -3 

( 'a LI nuA I'K )iN oi' kx'i'i'iNsoM i-rrmts 01: ()tiikl‘ .M i<;asiikino 

i )kvi(’k 


JirfcrcNcc. Johnson’s .M ;i,l.(‘ria,ls of ( 'onstiiauvt ion 
Willey Aston, pag(‘ 100. K.(‘f(T to lOxperinuait H t. 
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Case /.—Use a testinji; machiii(‘ kiiowi) lo 1)(‘ 
and a standard calibration ba-r wli()s(^ modulus ol (‘la,s- 
ticity is known. The cxtcnsonu^bT to <'aJil)ra/(‘<l is 
placed upon the bar in the usual ma-riiKa* a,ii<l (li<‘ imnlulus 
of elasticity determined in the usual way. d1i<‘ va,ria,tiou 
of the computed modulus from the (X)rr(M*i modulus j>iv(‘s 
the error in the extensoinetcr us(h1. 

Case 11 . — Using any bar and any ma,(*lnn(‘ d(‘((‘rmin(^ 
the modulus with the extcnsometer (,o l.u^ eaJibra.t(‘d a,nd 
also with an extcnsometer which ha.s prcwdously Ikxui 
accurately calibrated. The va;ria,tion in (Jn^ modulus 
gives the error in the extensom(‘(.('r Ix'ing ca,lil)i-a.t(‘d. A 
convenient method is to use a ba,r of sufrici(ui( hmgth to 
provide for both a standard (‘xt(msom(‘t(‘r a, ml tha,t to 1 h‘ 
tested. For greater refmenumt th(^ extiUisoimdAU’s ma,y 
be interchanged in a second t(ist. 

Case III . — Direct comparison with a.ny form of a.c(‘U-» 
rate measuring device may bo ma,d(‘. must lx* 

taken to eliminate the cfi’ect of tempcu’al ure clL‘uig(‘s, 
lost motion or other variabUxs. 

Article 2 

IRON AND STEEL 

Experiment B-1 

TeNSTON TeS^I’ OE IltON AND S’l'in'lL 

The experimoid. is intemhxl to r(‘i)r(‘S(mt (li(‘ comli 
tions obtahiing in a,n ordina,ry (‘onmi(u-(‘ia,I oi- ;ic(X'|)(.;in(‘(‘ 
test with tlie exception that, tlx^ sp(xxl of d(‘sc(mt of <Ji(‘ 
pulling lioad of the testing ma-cJiiix^ is much slowxa* ( lian 
customary in commercial labora,tori(\s. Tlu^ (cxpis'iimmt 
will determine the strength and ducdlity of th(‘ material. 
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References . — -Materials of Construction — Upton, Ar- 
ticles 48-75. 

Johnson’s Matcu’ials of (JonstriuJ ion — Witho'y & Aston, 
pa.^'e 104- 110. 

4\aita,tiv(^ MiJJiods for Testing, 8-2-lT; and Standard 
Sp(Ha’fica.tions for Ma.t(n-ials, of Anna*. So(u for Testing 
Materia, Is, 1924. 

Material. Ha.rs of iron or stinJ as furnished. 

Special Apparatus.- Mi(‘roniet(‘r calipc'rs, scali', di- 
vid(a‘s. 

Procedure. 1. (livc^ spiaanum a, nunilxa’ and la'cord 
( his. 

2. With vcaaiier or microni(4,(a* ca,li[)(‘rs (hvteriniiK' I he 
a,V(a‘a.ge diiiKaisions of the cross se(*tion. Us(^ avera,ge of 
lhr(U‘ rcaulings. 

3. La,y o(T ga,ge haigth of 8 in., caudi iiuvli Ixarig ina,rk('d 
by a, light (‘(vntia’ punch mark. 

1. ( )a,i'(‘fully l)a,la,nc(‘ tlui tc^sling inachirH^ a,t zero of 
\V(4giiing l)(\‘iin a,f((‘r iii'sl, loosivning r(H*oil mils on vviagh- 
ing ta,bl(u Tlam insiad, tlu‘, t(‘s(.-pi(‘c(‘ in th(‘ wixlgi'S, 
Ix'ing ca/r(4’Ml tliat tin' t(‘st-pi(‘C(‘ is c.('n(,i‘a,lly disposcxl in 
(li(‘ a,xis of (li(‘ Ilia, chines a,nd lhal tlu^ Sj)(H*,iin(vn is grijiped 
to with n *1 in. of t,h(‘ (aid ga,g(‘ nnirks. Fight, (Ui spexn- 
iiKMi in grips by a,j)ply ing a, load of a,l)out 500 11). ( dialk a, 

sma,ll a,r(‘a, of th(‘ ba,r luair (h(‘ iip])(‘r ga,g(‘ mark. R(fare 
proci'cd / /nj 'irilfi llic led nllotv the indrudor to t/ispccl the 
irorh. 

()n(‘ sl iidemi, should insm’t on(‘ l(‘g of a i>a,ir of divide'rs 
in ( h(‘ lower gagv mark a,nd scrilx^ a lin(‘ with I h(' uppeu- l(‘g 
on (h(‘ ;ii'('a, pr(‘\'ioiisly clia.lk<xl. Ajiply lh<‘ loa.d at a 
mexliiini spexal and opera, t(‘ lh(' pois(‘ so as to ke(‘p (he 
sca,!(‘ b('a,m lloa,ling. 

Th(‘ r(Mpiiium(mls of lh(‘ Amer. Soc. foi’ T(‘s(,ing Mate- 
ria, Is a,s to sp(X‘d arc' a,s lollows: 
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Sr.ori^od tensile 


Ma.xiniuin (iroHHlu'iid speed, i 
per niiiiut(\ in detonninin;' 


Gage length, in. 



ib. per sq. in. 


Yield point 

1 TensiU' strc'nj'lli 

1 

f 

1 

! 2 : 

0 . 50 

2 0 

80,000 or under. . . . | 

s 

2.00 

().() 

f 

2 

0.25 

1.0 

Over 80,000 | 

8 

0.50 

2.0 


The operator with the dividei*s should cont,inii(^ to 
scribe the line and notify the operator at the poise wlion 
the width of the scribed line increases percc'ptibly diu^ to 
sudden increase in the rate of stretchinj; of t,he test l)ar 
under the load. At this time the beam may b(^ ('xpeet(Hl 
to drop suddenly and remain down for an intc‘/rval; also 
rough mill scale will fall from the specimen. This in- 
crease in elongation without a corresponding iiuvnaisc^ in 
load is the yield point.” It is a point beyond the true 
elastic limit as obtained in experiment B-4. 

During a further stretching of the l)ar i,h(‘ bea.m will 
again rise and should be kept floating up to tlui maximum 
load. At this maximum load the bar l)(\gins to n(‘(‘k in, 
the material becoming plastic at the point of tln^ forma- 
tion of the neck. Leave poise at the ma.ximum loa,(l, do 
not attempt to get actual breaking load. Th(‘ sIriHching 
of the specimen should be continued until fr:i,ctiir(^ occurs. 
Record in data sheet the load at yic^ld point a,nd tin* 
maximum load. 

Measurements after Tests. — Lay tin* brolo'ii (mkIs 
of the bar together and determiiK' tln^ in(vr('a,s(* in (‘longa- 
tion of the gage length. Measiin* i.ln* dinnmsions of I In* 
fractured area. Determiru* t.he rate of d(*sci*nt of (In* 
pulling head of the machine. Describe tlie a,ppea,ra,nc(‘ 
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of iho fra.(*.tui’e (see page 18) and determine the? distama^ 
from I, he extreme gag-e point. 

Calculations.*--- ( -aleiiln,t(^ tlu^ ultimate tensile strength. 

( -{il(ailat,e the strevss at yield ])oint. 

C'alculatci the per cemt. of elongation in gage length and 
p(a* c(mt. of contrae.tion of area at the fracture. 

In case th(^ fracture is out.side the middhi third of th(‘ 
gagolength, (,he ])er (aynt. of cdongation is to l)e measiir(‘d 
and computed although a ndest may Ixi allowed in 
cen’tain cases. This should be noted in the report. 

Discussion of Results. - Compare results with sf)(H*ifi- 
cations and show in tabular form. 

Rionou'r. S(^e instructions for writing reports, pag(^ 7. 

Experiments B-2 

CoMMKueiAL Tension Tksts of Cast Ieon oit 
SiMom. C1 asti.N(js 

A^'/c/'cacc.s. Specificaitions of Anicr. Hoc. for Testing 
M Mtmhds. Standards 1924. Serial A 27 24 and A 48-18. 

The mai,(u*ia,]s in tliis test are generally as follows: 

Cast Iron. — Hpecimen in the rough, no ma, chining; 
standard a,rl)itration bar machincKl to standard siz(^ 

Steel Casting. — Stajulard machiiKai t(\st,-piec(^ using 
2-in. gag(^ hvngth. 

PuocFou itF. TIk^ m(‘thod of t(\st of (cist iron is 
sa.m(^ a,s for Expcu'inKUit, B-l (^xc(‘pt that ma,ximum loa.d 
only is obta-iiual. imhhod of t(‘s(. of stead (listings is 

th(‘ sa,m(‘ a,s for Expevriimmt l^-l (‘X(a‘[)(. that a gagt^ lemgth 
of 2 in. is us(‘d. 

Computations.- Mjik(‘ a, 11 computa,tions a,s in re^gular 
t(‘st IVl, for slxuyl (listing s[)(adm(‘ns. I^'or (aist-iron speaa- 
nums com|)ute tensile^ st^remgth. 

Discussion of Results. — Com])ar<‘ reysults with speci- 
fications a,nd show in ta,l>uL‘ir form. 
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Experiment B-3 

Autographic Tension Tests op Iron or Steel 

This experiment may be performed by tlic^ iiislriuH.or 
in front of the class to exhibit method used in (*omm(‘r(‘ial 
test B-1, ^^iid also by use of autographic diagram ( o show 
the general behavior of iron and sUud whmi t(^sl(Rl fo 
rupture in tension. 

Materials to be Tested.— Th{‘ siHH'imen should 1 k‘ a, 
round bar of steel or iron. 

Apparatus. — Besides the regulai- tmision a,pparatus 
there should l)e t he collars by whi(di iiutogr’aphic. ap|)a;ra- 
tus is attached to specimen. 

Procedure. — All dimensions and des(;ripiioiis ofspcRU- 
mens should be noted as in the regular i(msion tevst. 
After attaching the collars to the ends of 1h(‘ ga,g(^ h^iigt h, 
the specimen should be placed in the niachiiu^ and a 
small initial load applied to hold it. Arra,nge tlu^ axrto- 
graphic apparatus so that the pencil is at the origin of 
diagram at zero load and zero stret (-h. Th(.m a])i)ly th(^ 
load continuously in a medium speed keeping th(^ ])ois(‘ 
beam balanced. This may lie done liy lh(‘ op(‘]'<*i,tor or 
by the mechanism in automatically baliuici'd nin,chin(‘s. 
Observe and record the load at yield point .‘is givim by 
the diagram, by drop of the Ijeam .‘ind scn-ling of tlu' 
specimen. Observe the maximum load n,s givim by 
the beam and diagram. 

Ascertain th(^ elongation as givmi by lh(‘ dijigrain ;in(l 
by actual measurement of sixnaimm. 

Compute all results as obtained in n^gular (‘ommm’cial 
tension test. 



I N BTK ITCTI C) NH ) R PR RRORM I N( } RX PRR 1 MENTS 


57 


Experiment B-4 

Tension Test with 1^]xtensometek 

In tiiis (^xporiuien(. the strength and elastic properties 
of iron and stcxd in i.onsion are deterniiiUH]. 

dVaitative Methods of Tension Testing 
in 1924 Standards of Arnor. Soc. of d'esting Materials. 
K 8- 24. 

Materia, Is of (Jonstrueiion-— Upi,on articles 39”48. 

Johnson’s Alai/erials of Construclion — Withey and 
Aston, i)a,g(^ 111. 

Material. — Wrought, iron or steel. 

Special Apparatus. — Extensonudia- r(‘a,diMg to a,i, I(‘ast, 
().()()()2 in(*h(‘s. 

Note." -TIk' (^xtensoni(4,crs ar(‘. delicate insi-ruirHuiis 

and nuist lie handkul carc'fully. Any roiighnc'ss of usage 
or lack of dc‘lica,cy in iua,nipulat,ion will ix'sult in unsa,tis- 
faci,ory diagra,ins. B(^ sure that th(^ t,(^st ])a,r is straight. 

PiuiciniuitE. -“Ca,refully nu^tisiirti a,nd pr('])ai‘(^ (au*h 
specinuai a,s for r(‘gula,r (ension t,(^st. S(M’ H I. ddghtcai 
specanuvn in grips l)y a.p|)lying a,n initia,! load (Mjuivak'nl 
to a stress of 2()()() II). ])<‘r s(j. in. (tlu^ ina,chin(^ having 
been prcwiously l)aJa,nc<‘d). A])ply and a,djust 
(‘xl,ensom(‘t(‘r, noting llu' haigtli Ix'twiaai tlu^ (a)nta,c4 
points, a,nd (nflcr Ihipiikj had the. ivppuiiitn.H ins peeled by 
the instructor) pixxxx'd will) th(‘ l<‘st. Ap])ly lo;id in 
incixsinaits (x |ni va lent to a, s(r(‘.ss of lOOO lb. per s(i. in. 
foi* st(‘(4 a,nd 2000 lb. p(‘r s<|. in. foi* iron a,n<I iiK'asiirc' th(‘ 
lolaJ (‘longalion ai (‘a-ch loa-d irnaanmait. 

i\l‘t(‘r i-(‘acliing a, siiddcai and la.rg(‘ inci'(‘a.s(‘ in (‘longa." 
lion, r(‘inov(‘ tli(‘ (‘\t<‘nsom(‘t(‘r and apply load (“oiit.inn- 
oiisly until sp(a*ini(‘n is riiptur(‘<i, k<‘<‘ping b(‘a.m balainaxl. 
10‘cord inaxinmin load. 

An actual slanss inst(‘a(l of IJ)(‘ (a)minonly used nomi- 
nal t(‘nsil(‘ stress may, if d(‘sir(Ml, Ix^ obtaiiKxl by talcing 
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readings of the new specimen diameters at en.(;h inciTi- 
ment of load. This may be continued through to th<; 
breaking point and readings of total stretch made l)y 
dividers. 

Construct a diagram with stress in pounds per square 
inch as ordinates and strain in inches per inch iis abscissae. 
Draw a straight line averaging the poinls up to (lu^ 
more rapid increase in elongation (the ehistic; limitj, 
and, tangent to the straight line draw a smooth curves 
averaging the remaining points. Ordinarily, tlie sij-aighi. 
line of plotted points will not pass tlirougli the o]*igi.u. 
Draw through the origin a line parallel to th(^ strnjght 
line of plotted points. This line represents tlui tnuj 
relation between stress and strain. Mark thc^ (‘la,stj(! 
limit where the strain ceases to be proportional t,o sti’(^ss. 

Calculations. — Calculate stress at elastic limit,, ulti- 
mate tensile strength, per cent, elongation and c.on- 
traction, modulus of elasticity, and modulus of (d;isi,ic 
resilience. 

The modulus of elasticity is the stress in pounds p(‘r 
square inch divided by the elongation in iiudu's p(‘r inch 
at any point on the straight line through th(‘ origin. It 
is most convenient to select an abscissa of (^longalion of 
one part in 1000, and multiply the ciorrc^sponding str(\ss 
by 1000 to obtain the modulus of elasdcni.y. 

The modulus of elastic resilience is tlu^ amount of woi'k 
done on each cubic inch of the specimen in dc^forming it to 
the clastic limit. It may be taken as the (‘(juivahmt in 
inch-pounds of the area under th(‘ straight Uik^ up lo 
elastic limit,; or it may be calculated by formula,. 

report should follow the sta,ndai’d form. 

It should be noted that this test is not a (romiiK'reia 1 
acceptanc(A t (‘st. 



INSTRUCTIONS KOR RKRKORMINC lOXlMORIMSNTS 


59 


Experiment B-6 

Expe I t i M i<: N 'P IN 95 ) I ts I ( ) n 

The objo(3t of this (^xperinu^rit is to study i,h(‘ boliMvior 
of materia, Is iiiuk'r torsion, a-iid to olitain siudi data, a,s 
will (U'lable tlui sh(^a.riiig str(mj»;th of th(3 matin’ial and its 
modulus of (^lasticit,y in shear to ])(3 computed. 

References —Miitevlids of C o n s t rue t i o n— M ills. 
Articles ddl. 

Materials of (>)nstru(d,ion-~-“IJpt()ii. Arti(*les 76-110. 

Johnsoids Matia-ials of Construction — With(\y and 
Aston. Artick^s 140--M2. 

Bulkdin No. 115, Eno-iruHainji; lOxperiinenI, Station, 
Univ. of Illinois. 

Material.— Tlie luabnlal may ]h) slci^l, iron, wood, or 
otiher materia,!. 

Special Apparatus.- — Torsion Deformation instruiiKud,. 

Procedure. — ('an^'ully imaisure llui dinumsions of (lie 
(N’oss-seidlon a,nd la,y off km^th. Then adjust the 
sjiecinum in (he hea,ds of (lie machijK^, beiii^' (*a,r(9’ul (ka(, 
(lie specimen is fixed in (lie a,xis of roialion of (he 
machine. Tluui a,p])ly (lie defornmdon instrument (o 
(he specimen a.nd a,djus(, (lu^ clamiis ol (lii^ hit tea* so tha,( 
(ii(‘ (TUitivr of (he (Uia^h^ oi (he »'|•adlla,((^d a,i’c will be 
in (he a,xis of (Ik^ machima Al(‘asure (lu^ disla,nce from 
(h(^ a,xis of (h(^ spi'cimmi ou(. (o (li(‘ ,ii;i’u-dua,(ed aria 
Apply a, sma.ll ini(ia,l mommd, of a, bold, 100 in. lb. a,nd 
s(!( (o z(‘r() or riaaird a,n initial i-(‘a.din.ti; of (h(‘ ,ii;ra,(hia(n(l 
a,i'c, a,nd also (he p(‘rma,ii(Mi(. S(*a,l<^ on (In' twisting' h(‘a,d 
of {\w. ma,chi[i(a M (‘a,sur(‘ (In^ dis(a,nce biUwiMm ,ai'ips. 

Experiment. Apply (h(‘ loads by incn'iiKUil o( 200 
III. lb. H(‘a,d on (In' ^•ra.iliial (*<1 nrc. the m()\'(mient ollln- 
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pointer in inches for each increment. WIk^u thc^ incr(‘as(^ 
in the angle of torsion is found to bo rapid, lln^ (‘ln,stic 
limit has been reached. The gTadiiated a,rc a.nd iTub’x 
should then be removed. 

If only the elastic properties of materials ar(^ to be 
determined the specimen may be romovcHi. Orclimirily 
the tests are to be continued until the specJuK'n is rup- 
tured. Road load every 180° turn. Th(‘ wdioh’ angh’ of 
the twist is read from the fixed scaltj on th(‘ inova,bl(‘ h(‘a,(l 
of the machine. The scale b(auu should be kc^pt l.)aJ- 
anced and the maximum load determined. 

Curves. — Plot diagrams to suita,])le scab's with tlu' 
twisting moment in inch-pounds as ordinates and 
deformation in radians pea* gage k'ligth a,s Jibstassm. ( )n(^ 
of these curves will be drawn with the magnific’d ji!)seissa 
and will show the points up to th(' elastic limit. Th(^ 
other curve will be on a small svnh and will show tlu^ 
complete angle-moment diagrartx up to iho ruf)t uih'. As 
in other experiments, the straight line portion in tin' 
beginning should pass through the origin. If it, dex's 
not, a straight line parallel to t.h(' st,raight, liin^ ])<*!, ssing 
through the plotted poiiV.s should b(' drjiw!! through (In' 
origin and tca'ininating at th(', elastic, limit,. M;irk tin' 
points corresponding to the elastic limit, ;i.nd m.‘i,ximmn 
load on the curven 

Calculations. — (Compute (1) tln^ sln'jiring sto'ss (!('- 
vclopcd at the (‘lastic limit and tin' m«i,ximuin lon.d, 
using formula. (2) Caleulat(' tlu' modulus of ('last icil y 
in shear. (Us(' th(^ coordinate's of any point, on (In' 
corrected ciirv(! of (In^ magnifh'd sc<m,1('.) (d) Compute' 
also the t'lastle r(‘sili('inx' jx'i* eiibic inch. 

Report, -diu' n'port should follow slaiidanl form 
on p. 7. 
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Experiment B-6 

Te8T of Wire Cable 

The purpose of this test is to determine the strength 
of a wire (aibkj by testing (,h(^ separate wires. 

liejeretices — Johnson’s Materials of Construction, 
pagers 9-1 and ()()9. 

Material. — One piece of a wirc^ cable al)oul> oruToot 
long. Be sure it is a full strand. 

Procedure.-" Note strands in rope, nmulx'r of turns 
per foot in strand, nuinber of (,urns pov foot in cabk'. 
Untwist/ wires of strand, note nuinber of wire, dciteriniiH; 
th(^ diameter in two places on each. Test each wirci 
to rujiture. Notcj breaking load. Calculate. I. Tcui- 
siki strengi/h of wires in pounds pen* sciuarc^ inch. 2. 
Striuigth of cal)l(^ 3. Would (table b(^ as strong as 
th(i sum of a.ll the strengths of lJi(‘ individual wii’es? 
Why? 

T(‘sts of wirci ro])(; as a whole may be nuid(‘ l)y pro]^erly 
brooming th(‘ (mds, cl(‘a.ning and tinning thij wires and 
cast.ing in baTliitt nnJ.al in conicaal socket, s so design(‘d 
as to bo grippcul or laJd in t.ln^ Insads of th(' tc^sting 
inachiiun 

Th(^ wir(‘s may Ix' ch^am'd Ijy (li|)ping in gasoliMK' 
folk)W(‘(I by liot caiislic ])o(asb. Aftia* cl(‘a,ning, iIk' 
wir(\s should 1)(‘ dipp(‘d in zinc chloridi^ and IIk'Ii tiniuMl 
in molt(‘n ba.bbilJ. 

|{,(‘p()rt aJ)()V(‘ it(Mns a,nd siibmil, in r(‘gula,r form. 

No'I’m.' Ta,bula,( (‘ t,h(‘ mimbm* of \vir(‘s w I lost' si rt'ngths 
a,r(' within 5 pi'i* cc'iit., 10 p(‘r (U'nt., Id pta* c('nt., 20 
pt'i* c(‘nt, 25 p('r (X'lit. of avta-age stia'iigth, etc. 
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Experiment B-7 

CoMiMiKSSION OF HeJ^ICAL SfRING 

References, — Unwinds Strength of Materials. 

1924 Standards, Airier. Soc. for Testing Materials, 
serial A 61-16, page 120. 

Object. — A helical spring under load is a (^ase of 
torsion. Springs are tested to determine their capacity 
and travel. The modulus of elasticity in shear and 
the resilience of the springs may be computed. 

Material. — Two helical springs. 

Apparatus. — Deflection instrument. 

Procedure. — Measure height of spring, diameter of 
coil, diameter of wire and number of free turns. Place 
spring in testing machine as for compression. Del-er- 
mine the following items as prescribed by the Anuir. Soc. 
for Testing Materials: 

(а) Solid Height. — The solid height is the perpendicu- 
lar distance between the plates or the testing machine 
when the spring is compressed solid wi(-h a test- load at 
least 1}/^ times that necessary to bring all the coils in 
contact. The solid height shall not vary more than j 
in. from that specified. 

(б) Free Height. — The free height is the hedght of t-ln^ 
spring when the load specified in Paragraph (u.) ha,s Ixa^n 
released, and is determined by placing n sl raiglvt (slg(‘ 
across the top of the spring and measuring the p(u*p(‘ndi- 
cular distance from the plate on which th(‘ s|)ring si amis 
to the straight edge, at the approximate (^(ml(‘r of tlui 
spring. The free height shall not vary iikuh^ than j;s in, 
from that specified. 

(c) Loaded Height. — The loaded height is tiic^ (listanc(‘ 
})etween the plates of the testing inachim^. wlnm ihv 
sp(‘cified working load is applied. The loadal Inught 
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shall not vary more than in. over nor more than I f (5 
in. under that specified. 

(d) Perniancnt Set . — The permanent set is the differ- 
ence, if any, between the free height and the height 
(measured at the same point and in a similar rnann(a-) 
after the spring lias been comprc^ssed solid three tini(\s 
in rapid succession with the test load specified in I^u’a,- 
graph (a). The peianaiKuit set shall not exceed j 32 ia. 
Apply 100 lb. initial load; adjust the dcfiectometer. Tli(‘ 
loaxl is applied by increments of pounds taking travcVl 
or (*,orripression at each load. 

Plot load-dcforrnation curve, and energy-travel (an'V(\ 
Calculations. — 1. Load at instant spring becomes 
solid (Maximum loaxl). 2. Fiber stress in shearing 
at maximum. 3 . liesilience per cubic inch at maximum. 
4 . Modulus of ('last.icity in shear. 

lie port should cover above elements and appea,r in 
general form. 


Experiment B-8 

LFFEcrr OF ( Ivfhsxmovin on Vifld Poinx’ of Stfff 

lieferc'tiee. — Moore’s Materials of .Fngin(‘(‘ring, pag(‘ /tl. 

.lohnson’s Matxa-ials of ( 'Onstx*uction Witlu'y and 
Aston, page ()()1. 

Material." St(M4 ba,i* about bS in. long. 

Apparatus. f]xt(Mis()mei,(‘r. 

Procedure. — M(\‘ism‘(‘ tlu^ diimmsion of th(‘ t(\s{ 
pi(M*(‘ and lay off a. gag(‘ length of S in., ma.rking (‘acli imdi 
with a. light piack pumdi mark. (taleidat(‘ prob.abk' 
(‘la.sLe limit. Apply load <,o about, two-thirds of this 
amount., k(‘(‘ping l)(‘am ca,i’(‘fully l)a,la.ne(Ml. Ap{)ly load 
again until past. yi(Fl [)oiut. II(‘l(‘a.S(‘ a,s Ixhoro. l{(‘p(‘a(. 
(hnn or four t,im(‘s. Take a.ll nuxa.sinx'UKait.s as in IL L 
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Note slope of curves. 

Report. — Report should include a,rialysis and discus- 
sion of results. 


Experiment B-9 

Flexuhxi] Test of Oast Iron or Sti^jeIv 

This experiment is intended to show UK'tliod of f(‘s(,injL»; 
cast iron or steel in flexure and to g-iv(^ da4a, foi' fJu‘ com- 
putation of ti’ansvcvrse sti*(mf 2 ;tli. 

J^£ferenccH . — Standards 1924 of Amen*. Soc.. for* Trvsf in^i,- 
Materials, Serial A 48-18. 

Mills Materials of (V)nstruction, Ai*t. 465 a,n<l 101. 

Johnson’s Materials of OonstrindJon \VifT(‘y and 
Aston, Art. 7()4. 

Materials. — A round, or rectanf>;ular bar of iron or* st(‘(‘l 
of sufficient len^'th to ^>;ive a span of m 4 l(‘ans(, 10 in. 

The ‘‘Arbitration Ba,r” of cast ii*on is a, ba,r 1 b| in. in 
diameter and 15 in. lonji;. The bars ar(^ in tla^ i-ou.t’ii arid 
molded with special treatment. 

Special Apparatus. — A defiectouKdvr r*(‘a.diriR* (,o 0.001 
in. 

Procedure. — yVrTa,n][»;e testing* rnavliira^ for ti*arisv(M*s(‘ 
test with supporting knilh odg(‘s at hsasf- 10 in. a.pa, rl. 
(12 in. for tlu^ “ Ar*bitra4ion Ha.r’.” S(‘(‘ /Vpfxmdi.x III), 

f ()ru[)ut/(‘ br’(‘a,king loa,d (using f,a.bl(‘ of sti'rmgtbs in 
apprmdix) and use an incr'ennmt of load (‘(inaJ to ' | r, of 
the brTa,king load. M(‘asui*(^ d(41(Mh,ion at c(‘nter of 
span for’ each incr*(mi(mt of load. 

Results and Conclusions. Th(‘ icpoi’t should l)(‘ 
wr*itt(m in usual form and cont.a.in a, compar’isori wilJi 
sp(‘citi(*ations or other reliable data. Show load-defha*- 
tiori curve. 
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Experiment B-IO 
Flexuke Tios'r of Biiakio Bioam 

Ri'ake beams ai‘e r’caiuircd to pass certain specifications 
of th(^ Miister ( kir I^nilders’ Association. 

Ii([fcrencc. Ilepor’t of Master (Jar Builders’ Associa- 
tion,' Vol. 52, 1918. 

Material. Any brake beam (u^mplyin^’ with the M. 

i \ Ik Standard Specifications for dimensions. 

Deflection Measurement Tests. — yVfter the l)eam is 
mount(id in a testing’ machine a load ecjual to Deflection 
Load (See Table 1 ) will be apjolied and then reduced to 
500 lb. Aft(n* tlu^ I)(diection Ijoad is reapt)lied th(‘ 
(hdlection shall not be more than 0.07 in. The beam will 
tlum b(‘ loaded to the Sot Load as shown in Table 1 and 
r('l(^as(ul to 500 lb., when the beam shall not sliow a set 
^'I'cater than 0.01 in. 

TAnLE No. 1 


M. C. B. 

I)('flocti()ri 

Sdt lojid 

liniio 

Ix^jun No. 

I l()a.(l 

1 

(>,,500 

11,000 - 

47 

2 

1,5, ()()() 

1 27.0()0 

5,5 

S 

IS, 000 

1 :{(),ooo 

()0 

4 

24,000 

.4(),0()0 

()0.7 

n 

:;o,ooo 

: 12, ()()() 

1 7 , 


Results. ( bmpn,r(‘ with IVI. (t B. sp(‘(dli(*jd/ions. 

S(M‘ ^(‘iKM’nl form of i’(‘port. 

Experiment B-11 
SruciAi. IIaudnkss d'ns'rs 

Purpose, ddu^ obj(‘ct of iJiis t(‘st is t.o d(‘t(‘rmine the 
sc!(‘ros(*op(‘ and lhdn(‘ll ha!‘dn(‘ss numlxn-s of a st(‘el 
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bar and to compare the stren^ 2 ;tlis aa <‘aJcuIaX(al from 
tlieso liardncsses with the aei.rial leiisih* sti-(m|^’th . 

Rrfm'jur.s. -Manual, pajiie Ml , M()()r(‘’s l\]a-t(‘riaJs 
of J^]n^’in(a‘ring. American Society for dVsting Ma,t(‘r*ia,ls 
ProceedingH. 

Material. — Steel bar with a machincMl sui*faA^(‘ a t omMun 1 . 

Procedure. 1. Shore Sclenm'opf^ TerL (1a,mp th(‘ 
standard hardness bar in place and ta,k(‘ a, i'(‘a,ding by 
(|iiiclvly pressing the bulb of tlu^ appa.ra.tiis. Ib'ad Mi(‘ 
top of tlie hammer at the height of r(d)ound a,nd ''Never 
allow the hammer to ,strihe more thaw onrr on (he r(ttne ,s/a;/, 
fwi too near the mme, for the readimj will he of no /mine 
as a measure of ha/rchnessN 

2. Olsen Jirinell Test . — a. With th(^ })r(‘Hsiir(‘ gag(‘ 
reading zero and the escape valve to tla^ i)i'(^ssur(M*yIin(l(‘r 
open, clamp the machined surfa(a' of sjxamiKm 
against the l)all by use of the IkiikI wIkm'I. 

b. Close the escape valve to tlu' pr(‘ssur(^ (‘ylimta* and 
operate the pump until the full prcNssiire is on th(‘ s|)(M*i- 
men. This is indicated by the floating of l\\e claadv 
weights. Leave the pressun^ on for th(‘ full MO s(M‘onds. 

c. Open the escape valve slowly a,nd aJlow th(‘ pr(‘ssur(‘ 
to return to zero. Ilemove the sixHa'num by using th(‘ 
hand wheel. 

d. Measure the diameter of tJu' im|)r(\ssion wifJi th(‘ 
microscope furnished for making the Irsf. With <,li(‘ 
diameter of tlie impression as a. k(‘y tla- IWiwoW liardn(‘ss 
number may be found from tli(‘ wa,ll chart iklmj- th(‘ 
machine, ddie rehition betwexm tla^ liriiifh liardm'ss 
number and tlu‘ tensik' strength may lx‘ found on pagv Mb, 

M. Tension Ted. "bcNst tlx^ l)a,r foi’ ultiiiiat(‘ stixmgtli 
as in experiment H-l. 

Experiment B-12 

Determination of Str(\ss [)y M(‘a,ns of tli(‘ St,i*ain ( lagv. 

IteferencAn--?^^^^^ Amer. Soc. for besting IVI a Inrials, 
191M, page 1 0 1 9 and others. 
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Material. It)- I-beani. 

Special Apparatus. -8" Berry or* Olsen Strain 
jtnd staJidard bar. 

Method. ”-"riK^ I-boani is loaded at the third points 

in ll(*xure. t'oiu' ^i:a^>;es are located on top of conipros- 
sion fhin^T^, and four on bottom of tension flange, ddieso 
slionid b(^ numbered fr'om 1 to 8. Each person should 
fnk(^ a complete series of strain gage readings when a, 
total load of 500 lbs., 8500 lbs., and 0500 lbs. is applied 
to tlie l)eam. 

(■urves . — Plot a. loa-d deflection curve. Plot tlirra^ 
(airves on sa.m(^ slierd. to sairui sruiki with load tis ordinat(‘s 
and str*esses as al)s(;issae, tlu^ fn*st showing extreme filxu- 
stresses in com|)ression as computed from gage readings; 
the second showing exti'cme fiber stre^ssexs in tension as 
computed from gag(^ readings; tlie third sliowing theo- 
i’(itical extreme filxvi' st.i‘(nss(\s. 

Report. — A (arncase ('ngiruxa-ing i*e])ort is desired. 
Huggestcul c()nt(‘nts: (a) Shoi’t d(vs<a*iption of instrument 
and its us(o (b) (doiaoction for (dianges in instrument 
during use. (0 Mef-liod of obtaining a.(d’/UaJ stresses 
from str*ain gag(‘ tv'ading. (d) (dmpuh' str(\sses of 
test beam from hiws of llexuixx (o.) ( krnipaa’ison (c) 
and (d) l)y means of t.a-bl(\s a.nd (au*V(‘s. (f) I )istril)ution 

of sti’ess over ^laJlg(^s by diagraan. (g) Discussion aaid 
(‘on(‘lusions. 

Article 3 
TESTS OF WOOD 

Experiment C-1 

1 Ns'i’iuK'i'ioNs i'’oR Eai{oka'I’( >itv fkxKUCisM FOR 'lur; 

1 |)I';n'I'I r’K'Aa'ioN of Woods 

Purpose. Ph(‘ pui‘pos(‘ of this (‘X|)(‘riment is practic(‘ 
in id(‘n( ifi(\aXion of timlMU’s by a.pp(aira,n(a‘. 

Iirfrrc/K'cs. ld(mta(i(atti()n of th(‘ E(^onomi(^ Woods of 
(Ji(‘ ('nit(‘d Stales Saaniad P. Re(‘ord. 


()S LABOKATOltV MANHAl. <)K TK,ST(\<i M A Tl': l( I \ 1 i 

F>ulletin No. 10 of tlio S(‘fvic<‘; aii<l a paiiiplih'l 

(aititI(Ml “Trees of tlie S(,ai(‘s linporlarif in 

f'orestry.” 

Material— The inuieria,! will consisf, of sptaa’iiHais 
exhibited in the Lahonitory for T(‘stin^'‘ Maieia’als, mim» 
bered in consecutive nmnl)(‘rs, iiK^ludin^- tb<‘ coninion 
species of soft and hard woods; a, k(‘}' lo Mi(\s(‘. 

Outline of Work. — 1. TaJo^ k(\v (o t li<‘S(‘ woods a,nd 
examine each in turn witli n'h'nmei^ l.o (Ji<‘ material in 
the text mentioned a,bov(\ Ma,k(^ notes comaa’ninf'- 
(a), in the hardness of tli<^ mat(‘riaJ, ih) (Jie eharactnr of 
the ft’rain as shown on th(^ (a-oss s(M*l,ion, (r), t.li(‘ kind and 
distribution of ponss, (d), Mk' r(‘la,dv(‘ propoi-|,ion of 
spring and summer wo<mI in th(‘ i*ings, (r), color and 
appearance of the surfa.ee, (.og(‘tJi(a* wil.h wliatnvan* ot.lna’ 
external features will aid in tJi<‘ idiaditieal.ion. Addi 
tional short sections of tli(‘ sp(M*im(ms on exhibit, will 
found hanging beliind th(^ la,rg(‘ sp(‘cini(ns. 'TIh' largn 
specimens should not b(^ da,ma,g(Ml, but, t,h(‘ smalku’ 
duplicates may be cut with a, ja,ck knile t,o d(h,(‘rmine 
their working qualities. 

After this work is perfornuMl, t,h(‘ inst,riict,or will t,(‘st, t la^ 
knowledge of the student by a,sking him t,o id(ntify 
selected specimens of tlu^ woods. 

Report. — llei)ort will dcxscrilx^ six s(‘l(M‘ted six‘ci(\s, 
togetlua* with drawings of t,li(‘ sl,nict,ur(‘ of the wood as 
seen through the magnifying glass. 'TIk' uses and 
sources of supf)ly of th(‘ w(X)d will also lx‘ described. 

Six SioLue^i’Mi) Siu-x’iaiivns 

1. White Oak. 

II. Red Oak. 

III. y<Tow Pine (longhxaf ). 

IV. Whit(‘ Rimx 

V. Whiter Hickory. 

VI. Hard Maple. 
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Experiment C-2 

( \)MPH,Kssi()N OF Short Wood Columns Parallel to 

Crain 

JoliMsori’s Materials of Construction — 
Witlioy & Aston, pafi:c 19(). 

Forest Servi(;e ( Circular No. 213. 

I irnlxu', its Stron^tli, Seasoning and Crading — Betts, 
l)age TO, "Fahk^ 3. 

U. 8. Department of Agriculture Bulletin No. OOO. 
A.S.T.M. 'l\mta,tiv(' Methods Dl43-2Pr. 

This experimimt may be preceded by tlie flexure of 
sliort ben, ms ( -0 mid tli(‘ material for this test taken from 
<mds of short Ix'iuns uschI in (3-5. 

Materials to be Tested. — '^Phe columns to bo tested are 
fo be about 2 in. X 2 in. X 8 in. Tliey should be surfaced 
four si(l(‘s witli (uids scpiared and smooth cut. 

wood may in the air dry, kiln dry, green, or 
resoaJv(‘(l (amdition as to moisture c.ontent. 

Apparatus.-— A (Mimpn'ssometer reading to at least. 
0.0001 in. (dollars, liy means of vvlucli compressometer 
is attaeJied to spc'ciiium. See Fig. 20. 

1 )('formations arc' morc^ sim|)ly but less accuralady 
mc'asured by nssting the mea,suring appara,tus on th(‘ 
vv(‘ighing tahha and detc'rminiiig tlu^ trawcd of th<‘ 
movable' lu'ad of tlu' testing macdiine. 

Procedure. yVsec'rf jiin and n'cord the following data: 
(a) Kind of wood, (h) Pc'r (*<‘nt. of Iw'art and sa,p wood. 
(c) F('r ('('id,, of summc'r wood, id) AnmiaJ rings pc'r 
radiaJ imdi. (e) I )im('nsions of the' test jiieec'. (/) Nob' 
dc'fc'cts. 

Kay off <Ji(' gag(' l(‘ng(hs, usually (> in., on sfX'ciiiK'n and 
atdaeh IJh' collars ai Ok' (‘iids of gag(' Ic'ngMi. IMacx' in 
fh(' ma,ehin(‘ on Uk' splu'riiad Ix'a.ring |)lat(‘ and c(ml,(‘r. 
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Apply initial load equal to tlu' firsi, incnAinoiil 
ally 1000 lb. for the hard woods). Ari(‘i* adjiistinii,' iJio 
cornpreStSometer to a zero r(‘a<lin»i; apply (h(‘ lond by 
increments until tlu^ ohustic* limit has Ixmui n‘a,(*h(‘(|. 
This is seen from the incn^*is(Ml iiu^renKUits of doFormnljAfi 
at that point. Take a reading’ for at l<‘as( two hiads 
l)eyond the elastic limit. 

Remove the compress()m(‘ter aial loos(‘n tin' collars and 
tlien, applying the load coni.imiously in flic slow spcaxl, 
obtain the maximum loa.d. ( ^a.iTy tli(‘ loadini!; far 
enough to develop the chara,(d.(‘i* of fra(‘turc. 

Computations.— Plot a, diagraju for <‘ach sp(‘cimcn 
with load in pounds a,s onlinales and deformation in 
inches as abscisste. If th(‘ si.ra,ight portion of iJn* curv(‘ 
below the elastic limit <lo('s not friss through lh(‘ origin, 
draw a parallel straight Iin(‘ through the origin. The 
load at elastic limit should Ix^ tuaJom from this ciirxas 

Compute. — (a) Unit comj)r(‘ssiv(‘ stnmgth at. (dast.ic 
limit. (/;) Compressive stnmgt.h a, maximum load. 
(c) Modulus of elasticity. (//) Modulus of clastic 
resilience. 

The report should show sk<‘t(di(*s of fract.iinsl 
specimens. 

Experiment C-3 

CoMi’UUSsioN OF Wood PiuuuvN dm r n a k ro (dc\i\ 

This exp(‘rim(‘nt may b(‘ pivcc(l(Ml by < ' b and the 
iuat.(‘iuil lor t/his tj(‘st. ma.y Ik‘ t.akim (r(>ni mds (>1 Ix'aius 
used in CT). 

livJvrviic.eH. — S<‘(^ r<tcr(‘nc(\s l,o ( 

Materials. — Idcudos alxait. 2 in. > 2 in. « s in limslx'd 
four si(I(\s. 

ddi(‘ wood may b(‘ in t.h(‘ air dry. kdn dry. airo.m oi- 
ix'soaked (aaidition a.s t,o moist. ur(‘ contml . 
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Apparatus. A cioinprossoaiotor rnadin^ to 0.0001 

in. A ro(*tjui|.»'ula,r finishod loadiiiia; of oast iron or 
otlun* iiKvtnJ I in. X 2 in. X 4 in. 

Procedure. ~-Aso(n‘ta,in and i‘e(H)i’d the followinji; data: 
id) Kind of wood, {b) Per cent, of heart and sap. 
{(') I\a* cent, of smnniei’ wood, (d) Annual I’inj^s per 
inch, (e) Dimensions of the block. 

Phua' tlie spcaanavn in the machine flatwise and center. 
1di(‘ loa,din^’ platen sliould be placed on the specimen 
fla,twis(‘ a,nd lorip; axis peri)endiciila,r to long axis of 
si)ecim(m. A|)j)ly an initial load e(iual to the first 
increnuait of loa.d. 

.Api)ly th(^ load contimioiisly, preferably by means of a 
si)h(n‘i(^a,l bearing dii’ocd/ly upon the loading plate, taking 
r(\adings of com[)ressions for increments of load as follows: 
SOO lb. for liea,r’t laird woods, and 400 lb. for sap hard 
woods and 200 lb. for soft woods. 

The loading should be carried to the elastic limit of the 
spcHvinu'n. This may t)(‘ seen from the increased incre- 
immts of d(‘forimition at that point. Do not try to 
ol)tain imiximum load as there is none in specimens of 
this size a(;ross grain. 

Computations. Idot a diagram for each specimen 
with loaxl in pounds as ordinates and deformations in 
inclu's as abscissae Tlie load a,t (4asti(^ limit should Ix^ 
taJ<(m from this ciirv(‘. (bm[)ut(‘ unit com|)ressiv(‘ 
sl,r(mgfJi ai- (Tistic limii,. 

Experiment €-4 
Tus'rs oe Wood (-oiuimns 

In this exp(‘rim(mt, th(‘ behavior of the wood uiuDr 
(‘olumn action may be h'ariKMi tog(‘th(‘r wiiii constants 
of s(.r('ngtJi of (‘olunms. 

Jicfcrvdcv. Johnson’s IVlaJcriais of ( Construction, f)ag(. 
b). 
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Material. -Si nail wood coliinins of ;ui\ .sjHM-ics. 
They (should be (lr(‘ss(‘d on four sid(‘s, (o diinciisions 
iind hav(^ a slend(‘ni((ss ra,tio 20 and 1 bO. .\( 

least two colunins of (‘a, eh sixaa'es of wood of dinVnuit 
slenderness ratios sh()ul(l Ix' a.vailal)!(' for 
Procedure. — As(‘(‘rta,in and r<M*ord all dale as in 
KxperinHuii, ( ^2. 

Str(‘teh a, w’irc^ alon^- tlx‘ luMilral axis of Mi<‘ narrow sido 
of eohunn. Any eon\'(unVnl nielJiod may Ik* used jo 
nieasur(' sii!(‘ Ix'ixlin.ji; or biieklina' of (he eoliirnns. 
(Ireat ea-n* must, lx* l,a,k(‘n in eenlcrine,; spociim'ii in (Jh* 
maehiiK*. Apply small initial load and then d(‘l<‘nnin(* 
zero reading- of didh^etor ad e(‘nt(*r of column. 

Apply load a,t a, slow uniform s|x*(‘d and d(‘lorinin(* 
the maximum load tlx* eolumn will stand. 

The eondition ad (‘iids may lx* ora* of (ht* I wo cas(‘s; 
flat ends, hin^ 2 :<xl ends. T(‘st, in (‘acli coiidilion of ends, 
two columns of diff(‘r(*nt sl(*nd(‘rn(‘ss ralios. 

Calculations.— ( 'om put, e valix's of >S and «/. for ench 
speoi(‘s of w(xxl a.nd for (*acli condiliofi of ends, I'sc' 
llankin(‘’s formula, ddx* valm* N. imil compivssi\a‘ 
stren^dh, is Ixvst obtm'mxl by um'UkxI ('2 on sp(*eiinen 
cut from the lon^- (‘olumn. 

Experiment C 5 

Fluxuuu dhosa’ on Smalu Wood I-Ji am,, 

This experiment ^'•ivi^s tlx* stn*n,a(h a ini elaslieil\' of 
woods a,s slx)wn in t<‘sts of small sp(*cimeii:s, 

Johnson’s Mat(‘riaJs of ( ’onstriicl ion \\ i(li(*\' ;ind 
Aston, j)age I Ob. 

Forest Sorviee (Jreular No. 21:;. 

Timber, its Stron^i;th, Siatsonim-' and ( da.line l;elis 
pag-e 10, Table 3. 
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U. S. Dc^paj-iinoiit of A^-rieuIture I^ullotin No. 550. 
A.S/r.M. 'rontative Methods I3143~-24T. 

Materials. 4'wo or more pieces of wood of oak, pine 
or oth(‘r si)(H;i('s. ddvc size is about 2 in. X 2 in. X 30 
in. Tiie s|)(‘ciiu(uis ar(^ finished on four sides. The 
wood !nay h(‘ in th(‘ air dry, kiln dry, ji;r(^en, or ix^-soaked 
condit ion a,s to inoist;iir<‘ content. 

l)(41('ction Inst.runKuit/ naidiniii; to 0.01 
in. 

Procedure. — Asc.(vrtain and !•(‘cord the followin^i; da,ta: 
(//) Kind of wood. (/>) Per c(‘nt. heart wood aiifl sa,f) 
wood, (c) P(‘r (‘(uit. sumnua* wood. (V/) Annual ring's 
p('r radiai irudi. (c) Dimensions of pie(a\ (/) Wc'i^'ht 
of spcainum in j>;nims. (V/) Note defe(^ts such a.s knots, 
s(aison (duaics, rot, et(^ 

On OIK' side of spcuiinen mark the neutral a.\is and 
span-Ien^'th and mid-span limvs. ddu^ span to he used 
is ... in. 

PL‘i(a' tii(‘ Ixaun u[)on ti)(‘ knif(‘ supports, usin,a: 

short iron pla,t(‘s t.o prcwcmt lo(*al crushinji; of tlu' wood 
a,nd binding' Indavaxm tin' supports. If tlu'H' is (‘l(aira,nc(‘ 
(‘nouj 2 ;h, two phib's witli two rolhu's In'twixm should h(‘ 
us(m1 a4 (audi supfxirt to aJlow fr(‘(xlom of Ixmdinfi;. 
Apf)ly a,n init,iaJ load of 100 lb. and adjust d(41(xdion 
instruiiK'nt to r(\'i(l z(‘ro. S(H‘ h'ia;. S. 

No'i’io. ('ommon riKd-ho Is of im'a-surin^' (hdhxdions 
aj‘(‘ as follows: 

(u) PL‘ic(‘ a. d(41(x*t,om(‘t,(‘i’ on bas(' of imniniK' iiixh'r 
c(mtnr of b(\‘un. (I'iji;. 21.) This is (xiuivahmt, 
t-o having' a scab' or \'(a'ni('r a,t.ta,(‘h(‘d t.o tix' loading’ 
yok(‘ as in soiiu' sjuxa.i! .!e.\iir(‘ machiiK'S. 

{(>) liana' a sfx'cial di'lha-t <)m(d.(‘r on pins or tacks in 
lJi(‘ iKMit-ral axis over supports a, ml atta(di tix' 
\vir(‘ of n(‘(Mll(‘ t.o t.a<*k in maitral axis at mid-span. 
S(X‘ tiiai/ tin* wire is v(‘rti(xaJ. ( t'ia. 
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(c) Stretch a wire between tacks over supports a-nd 
scale attached to beam at ini(l-s|)an. A inin-or 
or polished scale should be used so that iina/;»:(i 
of wire may be seen, thus avoiding parallax. 
(Fig. 9.) 

Of these methods, the second is the most a,(Nnifat,(‘ hut 
the first and last may be used in certain work. Af)f)ly 
the load continuously at a slow speed and tak(‘ r(%‘idings 
of deflection for increments of 100 11). loa-d. If ca.r(‘ is 
exercised, in keeping the beam balanctMl iunu* tlu^ [)oint 
of failure, it will be possible to read tlie corrcad- loa,d 
and deflection at failure even though tliis docis not, (xamr 
at one of the regular load increments. After obtaining 
the rnaxitnum load, carry the loading only fai’ (vnough t-o 
develop the point and character of fractunu 

Sketch and describe fractures. 

Moisture Content of Specimen. — ( ’ut from th(‘ 
specimen near the point of failure a disk al)out I in. in 
thickness. Trim off all loose woo<l and weigh on scmsi- 
live balances. This moistun' disk is to l)(‘ ov(m-dri(Ml 
and again weighed. 4410 loss in weiglit (u\pi*(‘ss(‘d as a, 
per cent, of dry weight gives the pea* cemt. of moistiin* 
in beam. 

For Tests in Compression. Sa,vv from th(‘ Ixa-un 
already tested, two test picaa's 8 in. in kmgth t.o b(‘ us(m1 
in Experiments ( b2 and 

Computations.- -Plot a diagram wdlJi load in pounds 
as ordinate and (Udleetion in incla^s as abscissa), hraw 
the corr(a)tion ciirv(‘ tJi rough (lu' origin, if n<‘C('ssa ry, 
ddie load at elastic limit is taloai from fliis curv(‘. 

Compute, (a) Fiber stress at (da, Stic liinif. (h) IVbxb 
ulus of llupture. (Fiber str(‘ss ai maximum load.) 
(c) Modulus of Elastieity. (Use cornx'tvd d(dl(‘ctions. ) 
(r/j Elastic llesilience oer cul)ic imdi. (c) lliiptur(‘ 
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work per cubic incli. (/) Per cent, moisture, {g) Specific 

j»;ravity. 

Discussion of Results. — 8ee general form of report. 
Experiment C-6 

f'LEXuiMo Tkst oe JjAhcje Wool) Beams 

Tlio sti’cmgtli and elasticity of timber in full size speci- 
mens are (letcu'inined in this test. 

Hcjrrcnces. — ('irciilai’ No. 38, of Forest Service. 

tlolrnson’s Materials of (>)nstruction — Aston and 
\Vith(\y, Articles 230 232. Bulletin of Forest Service 
No. 108. 

A.S.T.M. Tentative^ Method D198-24T. 

Material. — Full size specimens of any wood in which 
s|)an length does not exceed 1() ft. The specimens 
may he finished or in the rough hut should be sawed true 
to size {ind s(iiiare<l. 

Procedure. Ascertain and record all data tis in 
r]x]:>(n*iment C-f). The method of testing is the same as 
in ( '"5 ex(R‘pf, that- the loa-d is applied at the third points, 
to a-pproa-cl) as nearly a,s possible to conditions of uni- 
form loading. Moisture (*.ontent is obtained as in (--5. 

Computations. “Mrdv(^ all (imputations as in I^]xperi- 
immi ( -5. 

Discussion of Results. ( 'ompa,r(‘ r(‘sults wiUi a,v(n- 

ag(‘ of otlu'r t('sts upon sa,m(‘ a.nd diflenmt kinds of 
t iud)(u‘. 

Experiment C~7 

lMPA(’'r Tios'i' OF Wooden IB-iams 

I II det<‘rmining th(.‘ ndat.ivc^ hrit.thmi'ss of dillerimt. tim- 
l)(‘rs, t(‘sf-s in impaci bending will Ix' mad(‘. 



LABOIiATOHY MANUAI. OK TKSTIN({ MATKItlALS 


7 () 


Reference . — (,-ircular No. 38, I^'orc^st Servi(M\ 

Material.— Two 2 in. X2 in. X 30 in. sticks. Any 
wood. 

Special Apparatus. — Impact ma,cliin('. 

Procedure. — The resistance of a speciiiK'n of wood 
under impact is usually (letormined by (lropf)in|.»; ti ^’ivcui 
weight from successively increasing liciglits. T1 h‘ sik*- 
cessive amounts of deformation and s(‘t of tli(‘ s|)(‘cim(ui 
and rebound of the hammer arc rccordcMl on tli(‘ drum. 
The elastic strength of the specimen is fixuMl at tli.'it limit 
at which the deflection suddenly incrcjis(\s. At tin's limil, 
a sudden increase in the set of the sp(a*im(vn, ;ts w(‘ll a.s a, 
maximum amount of rebound of the liamin(‘r, iisuaJl\' 
occurs. 

In making the test the hammer is allowed l<o resi- upon 
the upper surface of the specimen, and a- z(U’o or datum 
line is drawn on the drum. The deflection undiu* tJi(‘ 
dead load of the hammer is obtained from a, stal-ic (‘ross- 
ben ling test of similar material. A cornuited /(‘ro Iin(‘ 
can thus be drawn. Then blows of a wca'ght dro[)p(Ml 
from increasing heights are delivered to tlu^ spcMiiitum, 
and records taken on the drum. A sa,mple ro(a)rd ts stam 
in Fig. 1(). 

The height of the drop at which any ru[)tur(‘ of tlu' 
specimen occurs is noted, together with oMier plumonKuia, 
of test. Sample log sheets and cahadadions will |)(‘ found 
in the Appendix of (drcular 38, Fon^st Scuwicaa 

The machine is calibrated in advarnm to d(‘t(‘rmin(‘ 
proportion of the height of fall which is not (‘IT(‘(d,i v(^ 
because of friction and lag of magruit. 

Occasionally the beam is ruptured uiuFr a singh* blow 
of the liammer falling from a height gr(‘a,t(U’ iJiari tluil 
n(‘C(‘ssary to rupture thespecimen. In this (ais(‘ th(‘ nvsid- 
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un.l (‘nc'.rgy resident in tlie hammer, after rupture of tlu' 
sp(MMmeri must be determined in order that tlie amount of 
(umrjiiy us^d up in rupturing- the specimen may be known. 

The zer*o or datum line is determined as before, tlie 
lijunmer is ix^leased from a hei^’ht ^-reater than that neces- 
sn,i*y to ru[)ture the specimen, and a record is taken 
of the (m-(mmstan(;es of the impact. The tuning fork 
must be hold on the drum during impact. A sample 
r(M‘ord is shown in Fig. 17. 

Calculations.- DetermiiK' ruptunvwork, height of drof) 
;it elastic limit a,nd maximum. Specific gravity, ‘3t(^ 

Article 4 

TESTS OF CEMENTS! 

Vr. Sampling 
N I milxr of SdniplcH 

1(). T(‘sts nu‘iy be made on individual or composite' 
sampl(\s a,s may b(^ ordenai. Fach te^st sample should 
weugh at l(\‘ist H lb. 

17. (d) ///y//e/d//a/ -"If sam j)led in cars one test 
sample shall Ix' tn-k(‘n from each 50 bbl. or fracition 
tlu'i'eof. If sa,mpl(Ml in bins om^ sa,m[)l(' shall be tak('n 
from ('ae^h 100 l)bl. 

{(}) (UrmpoHitv Saini>lo. —If sam[)l(Ml in e^ars oik^ sample' 
shall !)(' take'll freim erne sae*,k in euich -l()sa,cks (eir 1 bbl. in 
(‘aeh 10 1)1)1.) anel eximbineid te) fe)rm emei teist sami)le. If 
sa,m|)le'el in bins e)r warehe)uses eine test sampler shall 
re'pre'se'iit not more' than 200 bbl. 

‘ AiiMH)riz('(l K, (‘print from th(‘ Copyri^htcul A. S. 'V. M. 
StjUid.'irels (192}). Am<‘ricM.Fi S()ci(‘ty for I’cstinfj; MnO'rinls. 
Philn(l(‘lpl»i:», On. 



Method of Sampling 

18. Cement may be sampled at the mill by ruiy of tlu', 
following methods that may he practieal)l(', as ordcaa^d : 

(а) Fro7n the Conveyor Deliver mg to the Hiur At- haa-st 
8 lb. of cement shall be taken from ai)|)r()xima-t-(dv (‘a,(‘h 
100 bbl. passing over the conveyor. 

(б) From Filled Bins by Means of Proper Sainplimj 
Tubes, — Tubes inserted vertically may Ix^ uscmI for 
sampling cement to a maximum depth of 10 ft. Tulx^s 
inserted horizontally may be used wlierc t-lu^ (‘onstriK^- 
tion of the bin permits. Samples sliall Ix^ ta,k(ai from 
points well distributed over the face of tlu5 bin. 

(c) From Filled Bins at Points of Discharge.- Sufhcicvnt 

cement shall be drawn from the discharge^ opcaiings t-o 
obtain samples representative of the cenuMit conta-ijual 
in the bin, as determined by the appearaiux^ at th(‘ dis- 
charge openings of indicators placed on tlu‘ surface', of the' 
cement directly above these openings before dra-wing 
of the cement is started. 

Treatment of Sample 

19. Samples preferably shall be shipped and stored in 
air-tight containers. Samples shall be passed through 
a sieve having 20 meshes per linear inch in order (,o thor- 
oughly mix the sample, break up lumps and rt'rnovc^ 
foreign materials. 

VIL ChfEMiCAL Analysis 
Loss on Ignition 

20. One gram of cement shall be heated in a weighed 
(a)vered platinum crucible, of 20 to 25c.c. capaci(,y, as 
follows, using either method (a) or (/>) as oialen'd; 

(a) The crucible shall be placed in a hole in an as- 
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bestos board, clamped horizontally so that about three- 
fifths of the crucible projects below, and blasted at a 
full red heat for 15 minutes with an inclined flame; the 
loss in wei|i>;ht shall be checked by a second blasting 
for 5 minut(\s. Care sliall be taken to wipe off particles 
of asljcstos tliat may adhere to the crucible when with- 
(Irjiwn from the hole in the board. Greater neatness 
jiud shortening of tlie time of heating are secured l)y 
milking ii hole to fit the crucible in a circular disk of slieet 
pliitinum iind placing this disk over a somewhat larger 
liole in an aslxvstos l)oard. 

(/>) The cnKiihle shall be placed in a muffle at any 
tcmipcn-ature l)etween 900 and 1000° C. for 15 minutes 
iind the loss in weight shall be checked by a second 
lieating for 5 minutes. 

21. A permissible variation of 0.25 will be allowed, and 
all results in excess of the specified limit but within this 
pcrmissil)Ie variation shall be reported as 4 per cent. 

Insoluble Residue 

22. To a i-g. sample of cement shall be added 10 (^.c. of 
water and 5 (^.c. of concentrated hydrochloric acid; the 
li(|uid shall l)e warmed until efhnvescence ceases. 
TIk^ solution shall l)c diluted to 50 c.c.. a,nd (lig(\stcd on a 
s( (\‘un bath or liof ])laie unbl it is (‘videiit that (l(HH)rn|)o- 
sidon of the (uunent is complete. The residm^ shall 
b(‘ filt(‘i-(Ml, \vn,sh(‘(l wi(h cold walcn-, and tln^ fllt(n‘ pa,{)er 
and con I, (aits (lig(\sted in about. .‘iO c.(*. of a 5 pc^r (*cnt. 
solution of sodium (airlionate, <Ji(‘ liipiid Ixang h(9(l a,t a 
l.emp('ratiire just short of boiling for 15 mi:nut(‘S. The 
renniining r(\sidu(‘ slnill be filt(‘i*(xl, \va,sh(‘(l with (‘old 
watru', t.lum with a, few drops of hot. hydrochloric a,(*i(l, 
1 :9, and linally with hot wat(a-, and tiuai ignited at a rial 
liea.t and weighed as the insoluble rcisidiua 
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23. A permissible variatSon of 0.15 will be allowed, and 
all results in excess of the specified limit but witliin this 
permissible variation shall be reported as 0.(S5 per cent. 

Sulphuric A nhijdride 

24. One gram of the cement shall be dissolved in 5 
c.c. of concentrated hydrochloric acid diluted with 5 e.c. 
of water, with gentle warming; when solution is (lomphiti^ 
40 c.c. of water shall be added, the solution filteriul, a,ud 
the residue washed thoroughly with water. TIk^ solu tion 
shall be diluted to 250 c.c., heated to l)oiling and 10 e.e. 
of a hot 10-per cent, solution of barium (ihloridc^ shaJl 
be added slowly, drop by drop, from a pi[)(‘t(e and i h(^ 
boiling continued until tlie prccii)itate is well foruKMl. 
The solution shall be digested on the stea.m l)a(ih until 
the precipitate has settled. The precipitates sliaJl Ix^ 
filtered, washed, and the paper and contemts placed in ;i 
weighed platinum crucible and the paper slowly charrexi 
and consumed without flaming. The l)arium sidfaJn 
shall then be ignited and Aveighed. The weight ob- 
tained multiplied by 34.3 gives the i)ercenta,gc of suiruri(^ 
anhydride. The acid filtrate obtained in the determ in;i- 
tion of the insoluble residue may be used for iho (‘stiina,- 
tion of sulfuric anhydride instead of using a, s(‘pa,raJn 
sample. 

25. A permissible variation of 0 . 10 will b(‘ aJlowc'd, arid 
all results in excess of the S|)e(u‘fied limi(. but within this 
permissible variation sliall be reporOai a,s 2.00 p(‘r (aait. 

M (iijnvsid 

26. To 0.5 g. of the cement in an (‘vapora,ting dish sbaJI 
be added 10 c.c. of water to [irevent Ium[)ing and tlum 10 
c.c. of concentrated hydrocliloric^ acid. Th(‘ li(|uid 
sliall b(' gtmlly IkuiOmI and agitalnd until adavk is 
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complete, 'rile solution sluUl l.hon, b(^ evaporated to | 

(^omphdx) dVyn(‘ss on ;i, st(^jun or vvat(‘r hath. To luist(ui :| 

dehydra, tiori th(‘ iv'sidm^ ma.y Ix^ hea.t(xl to I/)() or (‘vcui | 

2()()®( h lor omvluilf to one liour. The nwdiie shall he || 

trea,t(Hl with JO c.c. of (xaiecuitrated liydroc^hloric acid |i 

(liluttul with an (xiual amount of water. The dish shall j| 

be (X)vei'ed and the solution digested for ten minutes on jl 

a st(^a,m l)ath or watcu- bath. The diluted solution ij| 

sluill be filt(U‘(‘d and the sc^parated silica washed thor- !| 

oughly witJi wa,t,(u\ ‘ Tivci cubi(^ centimeters of coikxui- V! 

tratcxl hydrochloric acid and sufficient bromine water to ij!; 

precipita,t(^ a,uy manganese which may l)e present:, shall iij 

b(^ a, (ideal to tlic^ filtrate (al)out 250 (uc.). This shall Ix^ |?| 

nuid(^ a,lkaline with ammonium hydroxick’s, boiled until 
tluu’c^ is l)ut a, faint odor of ammonia, and tlu^ precipitated j| 

iron and aluminum hydroxide's, aftcu* sc'ttling, shall be (i 

washcal with liot wai-c'r, once by dc'c-aiitation and slightly v| 

on the filtc'r. Sc'tting aside thc^ filtrate, the precipitate III 

slnill b(^ t,ra,nsf(‘rr(‘d by a jet of hot water to the prexipi- jl: 

taiing v(‘SS('l a,nd dissolved in 10 c.c. of hot hydrochloric |;;| 

acid. Th(‘ papeu* sluill bcMuxtrac'ted with acid, thesolution : 

and washings bc'ing adckxl to the main solution. TIk^ | 

aluminum a,nd iron sluill them bc^ r(‘pr’(H*ipitat('d n,t > 

l)oiling h(‘a,t by ammonium hydroxides a,nd bromiiu! , 

wa,l,(‘r in a, volunu' of a, bout 100 c.(s., a,nd l.lu' seaaind 
pr(‘cipifa,(,(s sha,ll Ix' colkscsUxl a.nd wa, slu'd on tlu' fill,('r 
us('d in tins first insta,n(S(s if this is slill inta,(*(,. To IIk' 
combiiu'd fil(,!'a,t(‘s from tlu' hydroxide's of iron a, ml a,Iumi- 
num, i‘(‘du(‘(‘d in volumes if lU'C'd Ix', 1 es.c. of a.mmonium 
hydroxide' sliaJl bes a,dd(‘(l, flies soluf-ion brought to boiling, 

25 (s.es. of a. sa,tura,te'd solution of boiling ammonium 
()xalat-(‘ addesd, and 1 he' boiling con|,imie‘d until t h(' pre'esipi- 

’ Siii(s(' l liiH jinxT'duri' (l()(\s mol, iiivolvi' I Ih' <l('l(x rtiiti;il ion of 
silic.'i, Jl s('(*()n(l <'\^*i|)<)rjt( ion is uim(‘<s(‘ssjir\y. 
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tated calcmni oxalate has assumed a well-dcrfiiu^.d 
lar form. The precipitate after one hour shall h(‘ hlti^nui 
and washed, then with the filtcu* shall be pljuunl vv(‘l, in 
a platinum crucible, and the paper biirruKl off ovcvr a. 
small flame of a Bunsen burner; after ignition it sludi 
be redissolved in hydrochloric acid and the solution 
diluted to 100 c.c. Ammonia shall he iidchnl in slight 
excess, and the liquid boiled. The lime shaJl then Ix^ 
reprecipitated by ammonium oxalat(i, allowcxl to sta,n(l 
until settled, filtered and washed. The (‘onibimxl 
filtrates from the calcium precipitates shall be acidificMl 
with hydrochloric acid, concentrated on the s(x‘<‘uii bjd h 
to about 150 C.C., and made slightly alkaline with a-in- 
rnonium hydroxide, boiled and filtenxl (to reinov(wi litdk' 
aluminum and iron and perhaps cal(uuni). Wlnui cool, 
10 c.c. of saturated solution of sodiinn-a,niinoniuin- 
hydrogen phosphate shall be added with constiud 
stirring. When the ciystallin ammoniuin-niagiHvsiuin 
orthophosphate has formed, ammonia sliall Ix' a.(ld(xl in 
moderate excess. The solution shall Ix^ set aside! foi- 
several hours in a cool place, filtered a,nd wa,sh(xl with 
water containing 2,5 per cent, of NHa. Tlie ])r(‘c.ipit,a,t(‘ 
shall be dissolved in a small quantity of hot hydro- 
chloric acid, the sohition diluted to ab()iit lOOe^.c.., 1 c.c. 
of a saturated solution of sodium-aimnonium-hydrogeai 
phosphate added, and ammonia, drop by (Iro|), wi(h 
constant stirring, until the precipita.te is again forimMl 
as described and the ammonia is in modea’a.te (‘xce^ss. 
The precipitate shall then be allowtxl to stand a, bout Iavo 
hours, filtered and washed as b(!fore. ^Flu' pajxa* and 
contents shall b(‘ placed in a W(‘igh(!d phdiinmi ciaicibh', 
the paper slowly charred, and t,h(‘ r(‘sull,ing (carbon (!ar(‘- 
fully burned off. The precipitate shall tlien bo ignit(xl 
to constant W(ught over a Mekeu burner, or a, bla,st, not 
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strong oDough to softon or molt, thf^ i\yrophosphnf,o. 
Tho w(‘iglit, of nlMgM(^^iunl [)y,r()|)h()sphn,to obiaiiKMi 
miiltipiicMl by 72.5 giv(\s t,ho por(unit,n,g(‘ of niiigJU'sia,. 
The pro(*ipiiiit,(^ so ol)t,ain(Ml always (a)iitains some cal- 
cium a, 11(1 usuaJly small quantities of iron aluminum, and 
manga, .n(\s(‘ a,s phosphates. 

27. A p(‘rinissil)le va,ria,t,ion of 0.4 will be allowed, and 
all r(\sult,s in (‘xcess of the specified limit but within this 
permissible va,ria,tion shall be reported a,s 5.00 per c^ent,. 

VIll. ] )r7riOIiM I N ATION OK SPECIFIC d UAVlTY* 

28. TIk^ det,(M‘mina,t,ion of siiecufic gravity shaJl be made 
with a, st,a.nda.rdized Lo (dha.telier ap|)aratus whiidi (ain- 
forins to the riiipiirements illustrated in Fig. 1.^ Tins 
apj)ara,t,us is standa,rdized liy the United States Bureau 
of Staaidards. Kia’osene free from wa,t,er, or benzine not 
lighter tha,n 02'^ Jh'Uime, shall be used in imiking this 
determ ina, lion. 

20. The tla,sk shall be filled with eitlier of tliese licpiids 
to a, point on the stem between zero and 1 c.c., a,nd 
04 g. of (aunent,, of the sa,me tempera, ture a,s the liiiuid, 
shall be slowly int,roduc(Ml, t, a, king (aire that tlie cemerit 
does not adhere to the inside of the fla,sk a,b()V(^ the 
liquid and to fi’i'c t,h(‘ c(an(mt, from a,ir by rolling th(‘ 
flask in a,n incIiiK'd position. Aft(‘r a, II th(‘ C(nii(nit is 
int rodm^ed, t,h(‘ levc'l of th(' li(iui(l will ris(‘ to som(‘ divi 
sion of t.li(^ gra,dua,l(‘d ikmOv; t,h(‘ diriennKa^ b(‘t,W(‘(‘ii r(‘a,(l- 
ings is t,h(‘ voluim' displa-ca'd by (FI g. of the ccaiKMit. 

Th(‘ s|)ecifi(! grav^ity sha,ll tium Ix' obta,in(‘d from t,li(‘ 
formula 

. VVoight of (•('iiK'iit. (g. ) 

' No Hp<‘(‘i(ic gr:ivit,y rc'cpiinMiHxi I. is shown in A.S.'I'.M. StMiid- 
nrd Sj)(M*ili(*;it,ions ;ind T(‘ats for IN)rM;ind ('(‘incnl. S<‘ri;d I )(\sig- 
iintion : ( --9 20. 

.\m(‘ric:in Society for Testing Mntr'riids, St.-iiidards 192-1, 

I)ng(' ()10, 
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30. The flask, ({iinug the oporaJion, shall k(‘p<, im- 
mersed in water, in onha- to a, void va,ria.l iorrs in th(A (,(an- 
peratiire of the li(iuid in tilu^ 11a, sk, wliich shaJI not (‘xc(‘ed 
0.5° C. The results of r(^p(^a4(xl t(‘s(s should a,gr(x^ within 
0 . 01 . 

31. The dctcrinipation of sfHxaln* gra.vi(,y slia,ll nia,(le 
on the cement as re(XMV(xl; if i|, faJIs lx*lo\v' 3,10, a, s(x*ond 
determination shall be mad(‘ a,ft(‘r igniting tln^ sa,niple ns 
deseril)ed in Se(4,i()n 20. 

IX. Dio'i’ioKMiNA'rioN OF I'’iM':M';ss 

A ppfirdlds 

32. Wire (doth for standard si(^v(ss for (•(mnad, sliaJl be 
woven (not twilled) from bra,ss, bronyx‘, or olln'r s',iila,bl(‘ 
wire, and mount(3d without distortion on lVa,m('s not, |(\ss 
than 13^"2 hi. below (Jkj top of th(‘ ri‘a,m(‘. Tlx^ si(‘V(^ 
frames shall be (iinmlar, approxima.t(dy S in. in dia,m(‘t(‘r, 
and may be provick'.d with n pa,n a,nd (‘ov(‘r. 

33. A standard No. 200 si(3V(i is om^ ba,ving nomimdly 
an 0.0029~in. opening and 200 wir(‘s pin* inch sla,nda,rdiz(xl 
by the U. S. Bureau of Sta-nda,rds, a,nd (‘onforming lo th(‘ 
following rccjuirements: 

The No. 200 siev(i should ha,V(‘ 200 wir(‘s p(‘r inch, and 
the number of wir(js in a,ny whol(‘ inch sha.il no( b(‘ onl.sid(‘ 
the limits of 102 to 20S. No op(‘ning Ix'Iwxm'o adjar(‘nt 
parallel wires sha.ll lx‘ mor(‘ tha,n O.OOoO in. in widlh. 
The dia, meter of th(‘ win' should lx‘ 0.0021 in. and lh<‘ 
average (lianu'ti'r shall not Ix' outside* (Ik* limils 0.0010 lo 
0.0023. Idle value of tluj si(‘V(‘ a.s di'O'rmirK'd by siev ing 
tests made in (ionformity with I In* sla.nda.rd spi'cilicn l ion 
for tlu'se tc'sliS on a s(,andardiz(‘d c(‘m(‘nt which givi's a, 
residue oi 25 to 20 jx'r (xmt. on tin* No. 200 sii'vx*, or on 
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other airnilarly graded material, ahall not show a varia- 
tion of more than 1.5 per cent, above or below the stand- 
ards maintained at the Bureau of Standards. 

Method 

34. The teat shall be made with 50 g. of cement. The 
sieve shall be thorouglily clean and dry. The cement 
shall bo placed on the No. 200 sieve, with pan and cover 
at/tached, if desired, and shall be held in one hand in a 
slightly inclined position so that the sample will be well 
dist.ributed over the sieve, at the same time gently strik- 
ing the side about 150 times per minute against the palm 
of tlie other liand on the up stroke. The sieve shall be 
turned every 25 strokes about one-sixth of a revolution 
in the same direction. The operation shall continue until 
not more than 0.05 g. passes through in one minute of 
continuous sieving. The fineness shall be determined 
from tlie weight of tlie residue on the sieve expressed as a 
per(^enta,gc of the weight of the original sample. 

35. Mechanical sieving devices may l)e used, but the 
cement shall not be rejec-ted if it meets the fineness ro- 
(|uir(mient when tested by the luiiid mctliod described in 
Se(dion 34. 

X. MixINO CkMUNM' pASl’KS AND M()li'['AnS 

3t). The (pinJitil.y of dry mid(‘ria.l to b(‘ mix(Ml ad one 
time' shaJI not, (‘XccmrI 1000 g. nor b(‘ l(‘ss (.ha,n 500 g. Tlu' 
proport ions of (‘(‘imait, or (‘(MiKmt, a,nd sa-nd shah b(‘ sl.ad(‘d 
by wcaght in graans of lJi(‘ dry ma,taa‘ials; t.h(‘ (luaarfity of 
wat/(a* shall b(^ (ixpiH'ssed in cubic c(‘nt.iin<'l(*i's ( I (*.(•. of 
waiter == 1 g.). dry ma,taa‘ia.ls shall Ix^ W(Hgh(‘(l, 

pla(*('d upon a, non-absoi-lxmt- surfaax', thoi-oughly mixta 1 
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dry if sand is used, and a erafer foniuHl in ( he (‘(‘n<(‘r, into 
which the proixM* pcr(anita,<>;(‘ of c!(‘n,n w.'Uur shnJl Ix' 
poured; the material on tin; ()nt(‘i’ slin-ll Ix' turrKxl 
into the crater b}" tlic' aid ol n. trowel. All <4' ;i,n in((‘r\';i,I 
of nuiuite for tiie a.bsor[)(.ion ol ( lie w a bn’ ( Ik' op(‘i'aJ-ion 
shall 1)0 (X)niplet(id ])y eontifiiions, \'i,!Li,'oroii,s mixing'', 
squeezing and kiuxading witli t}H‘ Ininds for at l(‘as|, on(‘ 
minute.' During the o()('ra,tion of mixing, (Ik‘ hands 
should l)e ])roteeted l)y rublxa* gloees. 

37. The teinp(a‘a,tur(M)f ih(‘ rooin axid I he mixing wadta* 
shall be niaint;uned a.s n(‘a,rly a,s practicabh^ al 
(70°F.). 

XI. NoltMAL ( 'o.XSIS'I'KNCV 

38. The Vicat appa.ratus (consists of a. fi*a.m(‘ .1, h'ig. 2 
page (>42, A.S.T.M. S(a.n(la,r(ls I<)21, Ixxaring a, movaJ)I(‘ 
rod B, weighing 300 g., on(‘ (md (’ Ixa’iig 1 cm. in diaimdnr 
for a distance of G cm., th(‘ ollnn- ha v’ing a r(‘mo\'a,bl(‘ 
needle JJ, 1 nim. in dia-nuder, G cm. long. 'rh(‘ rod is 
reversible, and can be held in a.ny dixsinal posifion l)y a, 
screw and has inidwa,y Ixdwixm lla^ (mds a, mark A’ 
which moves under a sca,l(^ (gra.diiaJnd (o milliimders ) 
a,ttached to the frame A. Th(‘ pa,st(‘ is hidd in a, coni(%a.I, 
hard-rul)l)(‘r ringt/, 7 cm. in dia,m(‘l(‘r a.( (hi^ bas(‘, I (!in. 
Jiigh, resting on a glass pla,te // about 10 cm. sepia, iv. 

39. In making th(^ (hdx'rminaJioii, hOO g. of (•(ammt, 
with a nieasuixxl (pia.ntity of wa.ba*, shall b(d<n('ad(Ml inlo 

^ In order to scumre' luiirorniit.y in I lie results <»(' (('nIm inr (he Iiiih' 
of s<d;ting and teaisile .s(,r(‘ng(li Ok' nf iinxm'.' dc- 

scrihed shoidd 1x5 c.iiix'fully I’ollownM]. ,\|, (.nc iniiiii((‘ is 

necessary to ()l)t,aiii 0x5 (hxsirc'd plasi, icily u hieh is iiol, ;ipi)r('e!jd)ly 
affected })y c.oiitinuing 0x5 mixing for .s('V(‘r:i,l minulcM. d'lic (‘xnct 
time necessiiry is d(5|)(‘ndent upon Ok* pcrs()n;il (Mpuilion of Ox; 
operator. The ('rror in mixing .slioidd he on Oic side of ovi-r 
mixing. 
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a paste, as d(3scribed in Section 37, and qiii(rkly formed 
int-o a ball with tlie hands, completing the operation by 
tossing it six times from one hand i.o the other, main- 
l,a.ined al:)oiit 6 in. a|)ari,; tlie ])all resiang in the ])alm of 
one hand sliall be i)resscd into the larg’cr end of the 
riil)l)er ring held in the other hand, cc)m[)lc(.ely filling 
the ring with i)aste; the exc(\ss at tlie largia* end shall 
then be removed liy a single movement of the palm of 
the hand; the ring sliall then be placed on its larger end 
on a glass plate and the excess paste at the smaller end 
sliced off at the top of the ring by a single oblique stroke 
of a trowel field at a slight angle with the top of the ring. 


PnHCIONTA(ilO or Watkh KOU StAN'DAUD Moutaus 


PercontaKO of 
water for 
neat cement 
of 

normal 

coiiHlwtcmiy 

PercontaKO of water 
for one cement, 
tlirec standard 
Ottawa sand 

^^‘rcentaKe of water 
for neat cement 
paate of normal 
conaiatency 

Per(i(mtaa:<5 of water 
for ou<< (jciKKint, 
tliri‘(^ standard 
Ottawa Hand 

If) 

<) . 0 

2n 

j 10.3 

K) 

9 . 2 

24 

10.5 

17 

9 , S 

25 

10.7 

IS 

9 . r> 

2(j 

10. S 

19 

j 9,7 

27 

11.0 

20 

9,S 

2S 

11.2 

21 

i 10. 0 

29 

11.3 

2‘^ 

10.2 

MO 

11.5 

During th(\se opc'ratJons c 

a]“(^ shall l)(^ t.ak(Mi not, to (xjm- 


priiss the paste- The paste confuuHl in th(‘ ihig, riNsting 
on the plate, shnJl Ix^ jilaced niuhn* the rod, tlu^ hirg(‘r 
(Mid of wliich shall Ix^ brought in c.ontM'K't with thc^ suiia-cc; 
of the paste; the s(*-alc slndl be then lea-d, a-nd the* rod 
(iui(*kly releascxl. Tlie jiaste sliaJl be of norimd consis- 
tency when the rod sedth^s to a point 10 mm, bedow the 
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origiiiiiJ surface in H nniniie nSiov Ixiiiig r(Al(‘a,.s('(l. 'Vhe 
apparaius sliall be free from a, 11 vibra.l ions tluriui; Mio 
test. Trial past(\s shall be ma.(l<‘ with vaiTina' p(‘re(mi,- 
ages of water until tlui norma, 1 (‘onsishmey is obtamnaL 
The ainoimt of wa,ter requinnl sliaJl b(‘ (‘xpiassscal in 
percentage by weight of tlui dry c(‘m(mt. 

40. The consistency of sta,n<la,r(l morl,a,r sha,ll <l<‘p(m(i 
on the amount of wa,t(a- i-eqiiiiaal (o produce^ a, pa,s((^ of 
normal consistency from the sa,m(^ sa,mpl(‘ of (•(umuit. 
Having determined the normal (a)nsist(mcy of th(‘ sa,mj)l(‘, 
the consistenc-y of standard mori,ar ma,d(^ from (Jh‘ sa,me 
sample shall be as indicated in Ta,bl(^ I., ( h(‘ va,lu(ss 1x4 iig 
in percentage of the combined dry w(‘iglits of lh(‘ (‘(mumt 
and standard sand. 

XIL Djotekmination ok Soundnmss* 

41. A steam apparatus, wliicli ca,n b(‘ majida.iixMl a,( a, 
temperature between 9S and KHTC'., or oix' similar (o 
that shown in Fig. lb A.S.I'.M. Sta,n(la-r(ls 1921, p. Oi l 
is recommended. The eapa,city of this a,i)i)a,ra,( us imiy 
be increased by using a, rack for holding th(‘ pals in a, 
vertical or incliruxi position. 

42. A pat from eeimmt past(‘ of norn a,l (‘onsislAUicy 
about 3 in. in diameba*, 14 in. thick ai tlu' (•(‘iilm*, and 
tapea-ing to a thin edge^, slia,ll b(‘ ma,d(‘ on chaan glass 
plates about 4 in. squares, and stoiaxl in moist air for 24 

' Unwoundncs.s is usujilly hy n> voIiiuk* wtndi 

ciiusos distortion, cnickinji;, ch(‘(4vinf»; or disiiit(‘fi,i ;> ( inn. 

Puts iinprorKiiiy ina,d(j or caxpo.si'd |,o dryiiij.' may (Invclnp wlmt, 
arc; known as shriidca-gc; (;ra,(;ks within tim first Li 1 hniiis ;ind ni(‘ 
not an indication of nnsoundnc'ss. 'rix'si* (‘.onditinns an' illiistr.-ilrd 
in Fig. 4. |S(‘(i A.S.'F.M. Standards P.)21, p. h ln ] 

M'he failure' of the pats tn nmiain on tin* gia,s.s or (Ik* (’racking of 
(lx* glass to wlii(‘h tlx' pais an* afLaiOical doc.s not la’ccssa rily imii- 
(’at(' nn, soiindiH'ws. 
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hours. In molding the pat, the cement paste shall first 
be flattened on the glass and the pat then formed by 
drawing tlie trowel from the outer edge toward tlie center. 

43. The pat shall then be placed in an atmosphere of 
steam at a temperature between 98 and 1()0°C. upon a 
suital)le sui)port 1 in. above boiling water for 5 hours. 

44. Slioiild the jiat leave the plate, distortion may be 
detected liest with a straight edge applied to the surface 
which was in contact with the plate. 

XIII. .Determination of Time of Setting 

4^). Tlie following are alternate nu^.hods, either of 
which may be used as ordered: 

4(). The time of setting shall be defermined with the 
Vicat aiiparatus described in Section 38. 

47. A paste of normal consistency shall lie molded in 
tlie hard-rubber ring G as desia-ilied in Section 39, and 
placed under the rod /i, the smaller end of wliich sliall 
(hen be carefully brouglit in contaid. witii tiie surfa,(a^ of 
I, lie paste, and tli(‘ rod (luiidcly released. 41ie initial 
set shall said to have (xunirrixl wduni the mxxlle 
c('as(‘s 1,0 pass a })oint. b mm. above th(‘ glass plaice in 3^ 
minuter aften* lieing rehxised; and the final seti, wlum the 
luxxlb' d(X‘S not sink visibly into tiu' pa.ste. Tli(‘ ((\st, 
pi(xx\s sliail b(^ kept in moist. a,ir during the t(is(.. This 
ma,y lx‘ a,ccompIish(‘d by pkuing (Ik'hi on a, ra,ck ovm* 
\va4(n‘ contaiiK'd in a, pan !Uid covm’ixl by a dainp clolii 
k(‘pl from conla.<*l. wit h t luan by m(‘a.ns of a \vir(‘ sci’ixm; 
or ( liey ma.\' b(‘ slorixl in a. moist, closii. ( \a,r<‘ slia,ll lx‘ 
tak(m to k(X‘p t li(‘ n(‘(‘dl(‘ (i(‘a.ii, XmS t Ik* eolhxi ion of (‘('iiKMit, 
on th(‘ sid(\s of tli(‘ ixxxlk^ i'(‘(a,rds th(‘ piXK'! ra.l ion , while 
(■(xiKMit on (1 h‘ point ma,\' iner(‘a,s(‘ the p(‘n(‘( ra,l ion. 'Tlu* 
t inu' of sid t ing is alTcx'tixl not only by tln^ pinaanil a.g(' a nd 
temp(‘ra,t.ur(‘ of t lx' walcx’ us(‘d a.nd th(‘ a.mounf of kix'a.d- 


90 


LAItOItATOItV MANlfAL <>K 'I'KSTf i M A'l'I'i UI A LS 


ing the paste receives, but by tli(‘ (,eiu|)(?ra,tur(‘ aaid humid- 
ity of the air, a,n<i its flet('rininaiion is tlua'i'l’ori^ only 
approximate. 

48. The time of settinji!; slia.ll b(‘ d(‘t(‘rmin('d by IIk' 
Qillmore needles. The (lillmon^ ii(u‘dl(‘s should pr(i“(M’- 
ably bo mountiHl a,s shoA'ii in Fiji;, f) (//).' 

49. The time of vSetting- shall b(‘ (l(‘teriuin(‘d a.s follows: 
A pat of neat cement past(‘ a.bout 8 in. in dia,m(‘t(‘r a,nd 
j'2 hi. in thickness with a fla,t to{) ( Idg. b (a) ),'■ niixc'd to n, 
normal consistency, shall bcj k(*pt in moist a,ir a,( a, ((an- 
perature maintained as nea,iiy a.s pra.ctica.bl(‘ ai. 
(70°F.). The cement sha.ll b(^ (‘onsid(n'(‘d to ha,v(‘ 
acquired its initial set wlnm t.h(‘ j)a.t will Ix'a.r, without 
appreciable indenta-tion, the (lillmoia' icMalh* /pj in. in 
diameter, loaded to weigli H lb. Thi^ (ina,l s(‘t has Ixam 
acquired when the pat will Ixvir without a,p|)r(‘cia.bl(^ 
indentation, the Gillmore n(‘(‘dl(^ j 2 i hi. in dianu^ten*, 
loaded to weigii 1 lb. In ma.king (h(‘ t(‘s<, <h(‘ ma/dh's 
shall be held in a v(n*tical position, a,nd a.ppli(‘(! lightly to 
the surface of the pat. 

XIV. Tknsion Tks'I’s 

50. The form of t(‘st picaa^ shown in Idg. (r' shall Ix' 
used. The molds sha.ll b(‘ ma.d(‘ of non-corroding imOa.l 
and have sufficumt ma.t(‘ria.l in (In* si<l<‘s (o priwnmt 
sprciadiiig during molding. Ga.ng molds wImoi us<mI 
slndl he of th(‘ typ(i shown in Idg. 7.*' Molds shaJl Ix' 
witx'd with a.n oily eloth lx‘for(^ using. 

.^)1. Th(‘ sand to Ix', usixl sha.ll be na,liir;d saiid from 
Ottawa, III., scnxuKMl to (>n,ss a. No. 2()si(‘\’(', a nd r(‘lain(Ml 

' A.S.'l'.iM. St,.'in(l;i nls 10*21, p. 017. 

' A.S.IMM. StniuliinlH 1024, p. 047. 

■' A.S.I'.M. SUmdnnls 1021, j). (>1S. 

* .\.8/r.M. StMndnnl.s 1021, p. (ilO. 
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on a No. 30 nieve. This sand may be obtained from 
tlie Ottawa Silica C'o., Ottawa, III. 

52. This sjuid, hawin^i; passed the No. 20 sieve, shall 
l)e considered standard when not more than 5 g. pass 
the No. 30 sieve after one miruitc continuous sieving of a 
500-g. sajiiple. 

53. The si(vv(\s shall (a)nform to the following specifica- 
tions: 

The No. 20 sieve shall have between 19.5 and 20.5 
wires per wholes incjli of the warp wires and between 19 
and 21 wires i)er whole inch of the slioot wires. The 
dia.m(}t,er of the wire should be 0.0165 in. and the averages 
diameter sliall not be outside the limits of 0.0160 and 
0.0170 in. 

The No. 3() sieve shall have between 29.5 and 30.5 
wires per wliole inch of the warp wires and between 
2(S.5 and 31.5 wirc^s i)er whole inch of the shoot wires. 
The dianuden* of the wire should be O.OI 10 in. and the 
av(U’a,g(^ (lia, meter shall not ])e outside the limits 0.0105 
to 0.01 15 in. 

54. Immedia4-ely after mixing, the standard mortar 
sluill be placaul in the molds, ])ressed in firmly with tlie 
thumbs a, ml smoolfuRl off with a trowel without ram- 
ming. Additional mortar shall b(^ heapial abovii the 
mold and smootlaal off with a trowel; the tr()W(4 shall 
be drawn oviu' tli(‘ mold in such a manner a, s (oi'xiu'ta, 
mod(‘rat(‘ pr(\ssiir(‘ on tlu^ unit (‘rial. ddi(‘ mold shall 
t h(‘n 1)(‘ tjii’iied o\a‘r a, ml tJu' op(‘ra4 ion of hea,ping, t humb- 
ing a.nd smoot hing otT r(‘p(‘a.l (‘d. 

55. T(‘s(s sha,ll Ix' ma,d(‘ with any sta.mhird macliim‘. 
Th(‘ bri(|U(4 1(\s shaJl Ix' |{‘st('d a,s soon UmS IIk'V ar(^ r(‘“ 
nio\'(M| from (li(‘ wal(‘r. Th(‘ b(‘aring surfa,c(‘s of t h(i 
clips and l)i'i(jU(‘( t(‘S shall 1)(‘. fr(‘(‘ from grains of sand or 



92 


LA]U)KAT()RV MANUAL OK Tl<JSTIN<J M ATNItI A LS 


dirt. The briquettes shall be carefully ceii((‘r(Ml and 
the load applied continuously at iiie rat(^ of OOO 11). p(u' 
minute. 

56. Testing machines should be freciiiently (‘.a,lil)ra,t(Ml 
in order to determine their accuracy. 

57. Briquettes that are maiiifesi.ly fa, nil}', or which 
give strengths differing more than 15 ])(‘r (und,. from lh(‘ 
average value of all test pieces made from (h(‘ sa-nu^ 
sample and broken at the same period, slnill not, l)e 
considered in determining the tensile strcmgth. 


XV. Storage of Test Piecios 


58. The moist closet may consisf of a s()a,|)s(()n(‘, sla,(,o 
or concrete box, or a wooden box liiuMl with nn'ta,!. If a 
wooden box is used, the interior sliould coviu’cmI with 
felt or broad wicking kept wet. The bottom of tln^ 
moist closet should be covered with wa,t('r. Th(‘ int(‘rior 
of the closet should be provided with iion-a,hsoi*l)(ai(. 
shelves on which to place the test pi(Mx\s, th(‘ sh(dv(\s 
being so arranged that they ma,y h(‘ withdra,wn 
readily. 

59. Unless otherwise specified a, II tesi, pi(‘C(‘s, imiiKMli- 
ately after molding, shall be placxxl in the moist clos(‘t 
for from 20 to 24 hours. 

60. The ])riquettes shall be kept in molds on gla.ss 
plates in the moist closet for a.t h^ast 20 hours. Aflur 
from 20 to 24 hours in moist air th(‘ l)ri(iu(‘( t(\s shaJl b<‘ 
immersed in clean watcu- in storage (anks of non- coi'rod ~ 
ing material. 

61. The air and waUu* sha,ll b(‘ maintaiiu'd a,s ncariy as 
])ractical)le at a t(mi{)(‘ratur(^ of 2U(k (70 dA). 



INS^I'lUKrriONrt FOIt IMiJltF<)ltMIN<} FXl'MKrMENTS 


93 


Experiment D-7 

Strength of C'emfnt Mortars in Compression 

This experiment will give the quality of a cement as 
shown by conifiression i.ests of standard Ottawa sand 
mortars. 

A*c/^:jr6’n6‘C6‘.~ -Proc. Amer. Soc. for Testing Materials, 
1919, Part I. 

Hool and Johnson Handbook, page 10. 

Mills Material of Construction, Art. (Sf). 

Material : Any lirand of cement. 

Special Appai’a,tus: At least six cylindrical molds, 2 in. 
in diameter and 4 in. in lieight. Standard metal tam- 
per 1 in. in diamc'tcir and Ih. in weight. 

Procedure.- -Using standard Ottawa sand mix a 1 to 
3 mortar of Normal Consistency. (See Table, p. 86). 

Note.- If sufficient mortar for six 2 by 4-in. cylinders 

is to 1)0 mixed in a singU batch, 750 g. of cement and 
2250 g. of standard sand will be n^quired. In this case 
the mixing shall continued for 13^2 minutes. (See 
standard nu'Uiods of mixing and molding, page 84.) 
Place tlui (mipl,y mold on an oikul gla,ss phi.te and fill 
with the mortar in lay(‘rs of 1 in. tramping (audi la,y(‘r 
with tlu^ sliimkird metal tamper. Th(‘ top should be 
car(4ully finislu'd by luaiping up the mortar and smooth- 
ing off with tJi(^ trowel. An oiled glass cov(u* plate 
should b(‘ pla,e(‘d on l.o{) and rcunain until molds are 
remov(‘d (a,ft(‘r 1 da,y slorag(‘ in moist air). 

Test the sp(‘(dni(Mis ad tb(‘ (mkI of b a.nd 27 days’ storage 
in waJer. Tb(‘ t(‘s(,ing ma,(diin(‘ should b(‘ (‘apal.)l(‘ ol 
a^pplying th(‘ loa,d continuously a, ml uniformly to ra,ilin‘(‘. 
ddic! moving h(‘a,d ot tb(‘ l(‘sting‘ ma-ebim* sbaJl lra.v(d 
at th(‘ rat(‘ of not l(‘ss than 0.05 or ni<)r(‘ (ban 0.10 in. 
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per minute. During the teat, ji. splu‘ri(‘;il lM‘aring 
block, accurately centenal, shall 1)(‘ us('(l on lofjoftlie 
cylinder. 

Report: Follow the standard form on j)n,g(‘ 7. 


Table on Unit Sthehses Foit Loads on 2-in. ( ’vlindkhs (:<.! | 

SQ. IN.) 




10 

20 

30 

40 

;.i) 

00 

70 

SO 

90 



3 

(> 

II) 

13 

ni 

19 


■’5 

29 

Total load (lb. ). 

000 

100 

200 

300 

100 

;)0() 

0(H) 

700 

800 

900 

OOOO 


32 

04 

95 

127 

1 59 

191 

:!23 


280 

1000 

;UH 

350 

382 

413 

■145 

177 

509 

51 1 

573 

004 

2000 

087 

009 

701 

732 

704 

790 

828 

800 

892 

923 

.'iOOO 

95.0 

987 

1019 

10.50 

1082 

1 1 14 

1 14 0 

1 178, 

1210 

1 24 1 

4000 

1273 

1305 

1337 

1308 

1100 

1432 

1404 

1 1911 

1528 

1559 

5000 

1592 

1024 

10.50 

1 087 

1719 

1 75 1 

I 783 

1 8 1 7) 

1847 

1 878 

0000 

1910 

1942 

1974 

2005 

2037 

2009 

2101 

2 1 33 

2 1 05 

2190 

7000 

2228 

2200 

2292 

2323 

2355 

2387 

24 19 

24 51 

2 183 

2514 

8000 

2540 

2578 

2010 

2041 

2073 

2705 

2737 

2709 

2801 

2832 

9000 

2805 

2897 

2929 

2900 

2992 

3021 

305(1 

3088 

;:i 20 

31al 


Article 6 

Study of A(;(;in';<; a'I’ms 

Notes on the Sampling of Aggregates Used in Con- 
crete Construction^ The valu(‘ of t(‘sts of Mk^ (‘onstitu - 

ent materials entering into a, com'ndi^ constnietioii 
depend almost entirely ufion wln^tlim’ Mk' sninpK^s 
obtained are thoroughly n^pr(‘s(mt.ati v(‘ of (h(‘ :ig'gr(‘gat(‘s 
used. 

When it is positively certain that ihv matm-ial sanipltal 
is the material sliipped and used in lh(‘ const ruction t lam 
the samples may be taken at Urn pit or (piaiTy. Whmi 
there is uncertainty as to this point, samph's for {,(‘s(, 

' See Year Book A.S.T.M. 1 <)2 I, i)a^e (KCi, for addil ioiial ni(-(ho<L 
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should l)e taken from shipments as they arrive where they 
are to l)e used. 


Sampling of SaxiNio fkom Ledges or Quarries for 
Quality 

Inspecit led^’e or quarry face closely to determine any 
varijitioii in diflereiit layers. Observe any difference in 
(R)lor or structure, and if necessary to secure un weathered 
spcMumens, break pieces from different layers. 

Lor standjird stone test take separate samples of at 
lt‘ast 50 lb. (^acli of fresh unweathered specimens from all 
layau’s tJiat a,pp(air t.o vaiy in color or structure. When 
more t han, one picu^e is taken, the minimum size shall be 
2 in., except tliat there shall be one piece of a minimum 
size of 4 in. X 5 in. X 3 in. on which the bedding plane 
is nuirked. Tliis latter piece shall be free from seams or 
fractures as it is used in the toughness or compression 
test. 

Th(‘ sizc^ of sample for concrete test will have t.o have 
spccia.l inst riKdJon as it depends on the kind of tests to be 
ma,de a,nd the nunil)er of specimens necessary. 

Samplinci of Gravel or San.d 

Sa, milling a,t a, i)it which ha,s ex{)Osed vei’tical fa,ces may 
b(‘ doiu^ by scooping out a, small uniform vertical (diaaiiud 
from bot tom to tof) of fa,(H‘S. If th(‘ maU'riaJ ex(!a,va,t(‘d 
from this cha,mK‘l is mor(^ than (h^sinal it may Ix' rcxluccxl 
by th(‘ nuhhod of (iua,rt.(‘ring. Sa,m|)l(‘s ta,k(ai in this way 
from tln^ va.rious faxuvs of a, pit. should be k(‘pt s(‘pa.ral(‘ 
wit h t.h(‘ projxu' id(mti(ica,t.ion a,s to lo(‘a,t ion, inasmuch as 
it may ha.ppen t.ha,t. sonu‘. pa.rts of t.hc' sa,m(‘ ba,nk ma.y 
yit‘ld an und(‘sii'a,bl(‘ ma,t(‘ria.l. 

LIk' pit. should l)e carefully (‘xa,mint‘d Ix'forc^ sel(‘ctiiig 
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the location of a sample. It rr(‘(iu(‘ntly happens i.hat a, 
bank is not of a homogeneous mixture (Jiroughout^ and 
that layers or pockets ar(‘ found in \vhi(‘h is a material of 
uniform size or perlia-ps of (‘lay. P>ouId(‘rs may Ix^ 
present in one section aaid nol. in anoi Ikm*. If ( h(‘ pit is a 
large one more than om^ sjimj)l(^ must 1 tak(m (o propi^rly 
represent the deposit.' 

Deposits tha.t hav(^ no o|)(‘n fa<a‘ shall Im‘ sampl(‘d by 
nicans of tot pits. Tlu' nundxa- and d(‘pth of th<‘s<‘ will 
depend on locail (conditions and i<h(‘ anmuid ol matiaaal to 
l)e used from the sourc(c. 

Sampling the a,ggr(iga,t(‘ aftxa* it. has anavtal on ( h<‘ job 
may be done by (coll(C(‘ting and mixing a small (juanlity 
from many ditfeixcnt parts of t>h(‘ pit*, or bin. 'rh(‘S(‘ 
small (piantiti(cs should b(‘ obiu'diuxl b\’ digging; irdo tlac 
pile not l)y colhecting what rolls down tlu' oiitsidi* as that 
is likely to Ixi (composicd of only th(‘ roarsrr pai*tiel(‘.^'. 
The tot samples th(nns(clv(‘s should always Ix' aeipdrod 
from the larger samples liy i/h(‘ m(‘thod of (piarbaang. 

Quartering. -To (juartxa* a sanipl(‘ of aggr(\gat(‘ d is 

spread out on a chain {la,t surfacx' in th(‘ form of a (drcular 
disc of uniform thic.km'ss. ('ar(‘ should b(‘ (akmi (hat 
particles of dirhenmt si/x‘ ar(‘ disi I’il >ul(‘d ( hroiigh l lu' 
mass. The mad(‘ria.l is tJum di\'id(‘d into four (luai'liu's 
and two opjxisilxc (|ua.i-|(‘rs r(‘nio\(Ml compk'li'ly . Tin* 
remaining (iuaj-t(‘rs ar(‘ I. lam mixixl (ogi^lhm- ;iiid Hk' 
operation ixcpcad.cxL d'his is doin' unlil (Ik* (iuanli(\’ 
I'cmaining is i\\c. si/xc r(MjuinMl for I.Ik' ('xpi'i iiiK'nl , 

Shipping and Storing of Samples. I’Ik' ..implo: 
shordd bo sliippixl and sl-oix'd in such a \\a\' as (o K'lain 
as much as possible' of l-h(‘ nal iiral moist mv of (Ik' 
mai;eriat. 

‘ SxinpIi'Hof run of Imnk slioulU coiiMsI ol ;il Ir.i: i luiilh oi m.ilc 
rial where tlu' gr;i\’{‘I conlA'iit is aO [xm- cnil, oi hkha ol the whole. 
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Experiment E~2 

Tmst ok Sand kor (Ilkanness 

Hcferericcs. Se(^ Yoiir Hook A.S/P.M. 1924. Pps. 76() 

and 932. 

Comment.—Tlie impurities in sand are: (1) Silt, the 
fim^ seuin tha,t settles on sand that has been shaken in 
vvjilxa’. Silt juay contain ()rji;anic matter, such as loam, 
sufi;a,r‘, sevva,^'(\, that may prevent concrete from harden- 
ing;'. (2) (■tdi/, an inor^-anic, fine material that may 
nssist in filling' up the pores in a clean concrete. Fine 
solul)le limcNstoru^ dust is especially objectionable. 

A dirty sand will stain the palm of the hand, V)ut 
spcun'fic^ t(^sts should be made: 

1. Method of llaas'/ro/f/." -Dry a 220 ji;ram sample 
obtained by (puirknin^' and at room teT!i|)eratiire to 
avoid ba,kinj;' tlu^ day. lOxtra care must be taken in 
dividing- tlK‘ material a,ft(‘r drying- to prevent separation 
of lin(‘ from coarse. Wei^'li 200 ^rams on the 100 sieve, 
soak in waha* i,o soften any lumps; wash on the sieve 
in a. ^'('nth' stre^a.m of wa-ter; dry under a R'as burner, 
and r(‘W(‘ij 2 ;h. Vov cemt. of silt is loss in weight dividcal 
by 200 a-nd multii)lied by 100. 

2. Method of Deedotalioo or hJhUriatJoN (for field use). 
Hla(*(‘ 20 c.c. of sand, obtained by (iua,rl,(a'in<i:, in a- 100 c.c. 
cylind(‘r with 30 (‘.(a of luk(‘wa.rm waba*. Stir with a, 
\vir(‘ for 30 s(‘(*onds; allow to s(43,l(‘ for :>() s(H*onds. 
I)(‘caii[t wa4(a* in a. sca'ond 100 e.e. (\vlind(a'. Stir up 
sand in 1st (*vlind(a- with fr(‘sh portion ol wat(a‘, and 
r(‘p(‘ai pi'<)C(‘ss 3 tim(‘S. S(‘tti(‘ th(‘ two cylinders for 
I hour. No<.(^ silt in <ylind(a- No. 2 and sand in 
( 'ylimha* No. 1 . 

P('r (*.<' 111 . of Sill. • 

NuinlxM’ of (fvl. No. 2 ^ 

(U!. Of silt in (fvl. No. 2 f <*.c, of s;ui(l in No. 1 
7 
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A more accurate expression is p<niiai)s ohtju'iKMl hy 
(iividiTig amount of silt by original voluni(‘ of sand. 

No'rn. A rough method is to si.ii* ii|) sand in ( 'yl. No. 

1, and allow silt to settle on top. M(\asur(‘ lunght^ of 
sand and of silt on to|). 

Note. —The per cent, of silt l)y voliinu' is from om* to 
two times the per cent, by wca'ght,. 

3. /Rill l)(d(Tin'ijuitu)n, of Hood Sands nnd (Irorrl, 

rtTANDAKI) TkS'P, AMKIt. SoO. FOR Tfs'I'IN'i; 

Matfuials yio.\K Hook 1921. Hi*. 932. 

1. Scope. This test (a)V(n*s tin* d(*tA‘rmina(aon of Uk' 

(|uantity of clay and silt in natural sands and grava*! 
to be used in highwa,y constru(*tion. 

2. Treatment of Sample. The sainph* as r(‘C(*iv(‘d 

shall be moistened and tlioroughly ini\(*d, tb(‘n dri(‘d to 
constant weight a,t a, temi)era,tun* b(‘tw(‘(*ii 109 and 

Wife. (212 and 23()°F.) 

3. Method. — A rei)r(‘senta,tiv(* pori.ion of tin* dry 
material, weighing 500 g. for sand aaid not Ic.ss than 50 
times the weight of the largx^st sl.om* in tlu* sainpli* for 
gravel shall be selected from tin* sainph*, and pla(‘(*d in a, 
dried and accurately weighed jian or vessi*!. ddn* pan 
shall be 12 in. (30.2 cm.) in diain(‘l.(*i' by not l(‘ss Mian 
4 in. (10.2 cm.) d(mp, as n(*a.iiy as may lx* oblaim'd. 
Pour suflicient water in tlu^ pan to co\’(*i- tin* gra\’ol and 
agitate vigorously for 15 s(M*onds, using a trowi*! oi‘ 
stirring rod. Allow to setth* ior 15 s(‘(‘omls, ami tli(‘n 
pour oil the waiter into a, tarc'd (‘vaporaMng dish, taking 
care not to pour off any gra.v(‘I. ib'poat until (In* wash 
water is clear. Dry tlie waslx'd material to constant 
weight in a,n oven at a t(anp(*ra4ur(' b(‘tAV(‘(‘n 100 and 
110°(k (212 a,nd 23(FF.), weigli, and d(‘t:<‘rmin(‘ tlu* n(*t. 
weight of gravel. 
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The percentii^'(^ of (^lay and silt sliall 1)(‘ (calculated 
ffom the formula: 

Percentage of Clay and Silt == 

Original weight —weight after washing „ . 

Original weight 


For a check on the results, evaporate t he wash water 
to dryness and weigh the residue: 


Percentage of Clay }ind Silt 


WoiKht.,rrcHiau« 
Original wcjiglit 


4. Test Jor Organic Matter . — (Jrganic matter’ in tlu' 
silt is determined by the ('olorirnetric 4"est. A.S.T.M. 
Year Book 1924. Pp. 7()(). 

1^411 a 12 oz. prescription bottle to the 4j'2 t)z. mai’k with 
the sand to be tested, then add 4 per cent, solution of 
sodium liydroxidc until the bottle is filled to tiie 7 oz. 
mark. Allow mixture to stand over night and tluui 
(examine color of licpiid above sand. A very dark orange' 
is objectionalrle, a dark brown or l)lack (color indicates 
that the sand is l.radly contaminated, while a white or 
light yellow color indicates that there is little organic 
impurity pr’(csent. 

Noi’io.- Proportionate a/mounts may b(c used and th(‘ 

t.('st mad(c in any (ch'ai’ glass container’. 


Experiment E-3 

Wuioirr on AeuuiKOA'rus 

The weight per (cubiec foot giv(cs a, (dose' (cstiuniUc of tluc 
vaJue of snnd or other aggr(cga,t(c 

Sonuc geuKU’al (consid(‘i’ations rnusi. be imdeei’st-ood in 
tliis expeu’irnent. 

Sizing. The weight per cubiec foot of sand or of peeb- 
bles of graded sizes would be greater than if of uniform 
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size. Why? Likewise Uk* weiglit, [x'l- ciiliie fool of the 
mixture of tlie fine and coarse a.!j;}!:r(‘.Ka to will lx- greater 
than of eitlier alone. 

The volume produced by inixiiig a cubic foot of coarse 
aggregate with a cubic foot of line aggicgalc will lx- less 
than 2 cu. ft., af)Out l;h|. 

Moisture. — A film of water forces sand parti(L>s apart. 
Therefore dry sand swells when damp and weighs h'ss 
per cubic foot. Th.e aniomd. of ilu^ swelling depends 



Fig. 28. — Voids in snud and whon iMoisluro and unit 

wci^lit arci known. 

upon {(I) aniouni of watrr; and {!>) tlH‘ Hikmioss oI 

the sa,n(l. dTu' ina.xiniiiin bidkiii^' (dlfad^ in sand occurs 
at a per c.erdn of wat.cM’ from 5 to (> ix'r c(‘iit. !>>' w(afi;lit., 
and is 30 jxa- for (in(‘ sainl, liu p(M' (‘(Mit . lor iiKMliiiin 
sand, aaid 20 per (xad.. foi' (‘oars(‘ sand. P(‘l)l)l(‘s ar(‘ 
only slightly affected 1 per (K.ad-. of wator may increase' 
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the volume of fine sand 10 to 15 per cent. As the 
amount of water increases, filling the voids, a flood stage 
is reached and the sand return to its former dry volume. 
For Example — Coarse Sand: dry, 107)^4 Ih. per cu. 
ft.; wet, with 3 per cent, of water, 94 lb. per cu. ft. 
Mcdiuin Sand: dry, lb. per cu, ft.; wet with 

f) per cent, of water, 90 lb. per cu. ft. Above cases 
are for compacted sand. When sand that has been in 
a rain storm is re-shoveled in a loose pile, the increase in 
volume may l)e ) s more. 

IWidently the test for weight per cubic foot must be 
standard as to moisture and compacting. 

Deturminii] the Weruit per (hinrc Foot by Standard 
lloD Method 

Tlie Rod metliod is operated as follows: 

Idll the measure one-third full of the aggregate, then, 
with a |)()inted iron rod of a prescribed size, jab or puddle 
the aggregate twenty-five times, distributing the strokes 
over the surface of the aggregate and avoiding penetrat- 
ing thi'ough the layer of aggregate so as to hit tlie l)ottom 
of the measure. Then add another one-third to the 
contents of the mea.sure and again jab with tlie iron rod 
twenty-five times, ])enetrating only the last layer of 
ag’gix^gate phuxal in the measure. Next, fill the measure 
1,0 ov(‘rflowing and repoa.t the jalihing, then strike off 
th('. surplus sand witli the iron rod a,nd weigh. 

S'I'ANDARI) MEa'llOD OK "FeS'C KOli UnPI’ WEKUl'r OK 

A(i(jiu*:(JATES, Year JkiOK 1924. Pp. 759 (in PAirr) 

Measures.— The measure shall be of metal, prcdcu'ably 
ma,(4nned to a, (‘curate dinnuisions on the insider cylindri- 
cal in form, watertight, and of suflicient rigidity to 
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retain its form under rouf»;h usage, with top and bottom 
true and even, and preferably provid(‘(l wit.h handl(\s. 

The measure shall b<^ ol ‘ lo, '2 ea painty, 

depending on the maximum diajm^tor of tlu^ eoarsi-st, 
pa-rticles in the aggregate, and shall be of tJie following 
dimensions: 


Capacity, 
cu. ft. 



in. 

Innidn 
hci(.4d,. ' 

in. 

Miiiiniuiii 

1 liickin’Hii 
of riinlul, 
irS, I'liix' 

1 Onnirl nr of 

pju ( idcii of 
in 

V/n 

0.00 

(>.I0 

No, 1 1 

brulor 

/I u . 

u 

10.00 

11,00 ' 

No. s 

lliidor \li 



1 

14.00 

1 1 , 20 

No, 5 

( )v('r 1 >..{ 


.... 

- — ' 




Tamping Rod. 'i'he tamping rod shall be a straight 
metal rod % in. in diainetor and IS in. long, wit h on(‘ mid 
tapered foi’ a, distance' of I in. to a blunt l)idl(‘t slia[)(‘ 
point. 

Report the weight pea* cubic fool of tb(‘ si'vm’al sands 
provided by Instructor to inclinh'; 

Medium Sand: ( 0 ) dry, ih) witJi d pm* emit,, wator; 
Ottawa Sand; Mixed (ini' and coarsi' gravi'l aggmgati'; 
l)ank run gravel; crusluMl stoiii'. 

If the specifii^ gravity and voids of tli(‘S(‘ liavi' Ix^mi 
determined by iiriwiou.s (‘Xjim’iiiK'nl s, report I Ik' (*\I(‘Ii 1 (o 
whieli th('S(' wi'igiits an^ a, nK'asiii'i' of Mk' \ oids. 

Problems, d'lie Air Dry Sand, nn is bougld b\' (lu' 
ton to be used in a, 1 2 -1 concri'b' proport ioikmI b\ 
volume. It becavmes da.mj) t.liroiigb exposure as in {(>). 
Report the additional a, mount, of sand {In I bat should 
be used in mixing tlu' eonmn't,!'. 

hreight cliargixs an* paid foi’ sand by |1 m‘ (on. W lial 
would l)(‘ the proportioiiati' amounts of friaidd <*liai-g('s 
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rm n rjxr lond of sand (a) dry and (d) damp vviili 5 pf'r 
cent, water. 

Experiment E-4 

IdiE Speoific Gravity of Various Materials Used 

AS AN A(3(JRE(JA.TE IN GONCRETIO 

Object.— -Tlie objecit of this test is to (leterinino tlu' 
s[)e(adic ^Tavity of the various inateidals used as an a^-^ri'- 
fi;atc ill conereto. 

Materials." — The following*; materials will be used: 
sand or ^'I'avel, stone. A porous material should first 
b(^ moistened to fill tlie pores and the surfaces of the jiart 
tiehv*^ be dried by moans of blotting paper. A eormcdion 
for the weight of absorbed moisture can bo made by dry- 
ing the material in a.n oven. 

American Soc i(d:,y f oi* 'Testing Materials S tai k lar( 1 
'bests are as follows: See Year Book 1924. Fp. 92() 
mid 928. 

1 . Fine Aggnujdtes, 

(d) Le (dhatelier 'Pest using approx. 64 g. of 
materiai a,s in test foi* (nment except that li(|uid imiy be 
water or kerostme. 

(7;) Ja,(4<son 'Pest using a, bout 50 g. of naiteriaJ in 
0i(‘ following ajiparatus: 

'Ph(^ determimition shall be ina.de with a .hu*kson 
specific^ gravity a.pfiaj’atus, whiidi sludl consisi of a. 
bur(4/t(', with graduations rea.ding to 0.01 in speeiPn^ 
gi’avify, about. 23 cm. (9 in.) long a.nd with an insid(^ 
dia.m(‘t.(‘r of about 0.0 cm. (0.25 in.), which shall b(‘ (‘on- 
n(‘c,t/(al with a. glass bulb a.|)f)roxinia.t(4y 13 cm. (5.5 in.) 
long and 1.5 (ni. (1.75 in.) in dia.in(4.(n*, th(' glass bulb 
being of such size that from a mark on the ne<*k at th(' 
top to a, mark on tlie burette just below the Imlb, th(‘ 
ca.pa(*ity is exactly 180 c.c. ((>.09 liipiid oz.); and an 
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Erlenmeyer flask, wlii(*li shall coiif-aiii a hollow i^toiukI . 
glass stopper having ih(‘ n('ck of (ho sain(‘ bore as the 
})urette, and shall lia.ve a, (uipaciiy of (‘xa.ihly 2(H) (*,.<•. 
(().7() oz.) up to the gradua,tion on I h(‘ fi(‘ck of (lie stopper. 

2, Coarse A(j(jTV(jalesr The apfiai’init spiM'ifie gravity 
shall be determined in tlie following inaniKa’: 

1. The sample, weighing lOOO g. and (‘omposed of 
pieces approximately eubi(^aJ or s[)h(M*i(ail in shape' and 
retained on a scrc'cn ha,ving 1.27-<‘m. (bj-in.) (‘ircular 
openings, shall lie dried to constant weight ai a. te'inpera,- 
ture between 100 and I10'^('. (212 aaid 2:i()"ld), (aiokal, 
and weighed to the nearest O.h g. H(‘(‘ord (Ids we'ight 
as weight A. In the case of homogi'iuaius matmdal, (lie 
smallest particles in the sainph' may b(^ re'l.ained on a, 
screen having 1 bj-in. ('ireada.r ope'idngs. 

2. Inimei’se the sanpih^ in wa(/('r for 21 houi’s, surbice'- 
dry iridividuid pieces with .aid of a (.owi'l or bloding 
paper, and weigii. Record this wi'igld. as wi'igld, C. 

3. Place the sample in a. wir(^ b.ask(‘(, of .a jiproximalely 
j^-in. mesh, a.nd about 12.7 (vm. (h in.) sipiari' and 10.3 
cm. (4 in.) dce|), susp(md in w.alx'r' from c('n(.(‘r of s(‘.al(' 
pan, and weigh. Record the difleiaaKa' b(‘(av('('n this 
weight and the weight of tlu^ (unply basin'!, suspi'mh'd in 
water as weight O'. (Whdght of sa(,ura(.(al sample 
immersed in wader.) 

4. The afiparent speidfic: gra.viiy sh.all b(' (aahadal.cal by 
dividing the weight of the dry s.ampk' (.1 ) by (lu' diller- 
ence between (lie weigh!, s of i,he sal, medial samph' in .air 
(7^) and in water ((/), as follows; 

Appjiriail, Spiic.idc ( Jnivil.y 

^ The lijiskot may he eonveiiieiiUy suhp(mi(1<m1 l»y iik'.mii.s of ;i (Iik' 
win^ from .a, hook sliJijXMl in Uh‘ foiaii of ;i (|ii(‘s(ioii m.-ok willi 
the toj) re, sting on tlie (aaih'r of th(‘ senh' pmi. 
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5. Attention is called to the distinction between appar- 
ent specific gravity and true specific gravity. Apparent 
specific gravity includes the voids in the specimen and is 
therefore always less than or equal to, but never greater 
than the true specific gravity of the material. 

Ax’proximate Metuod. — Weigh graduate and fill half 
full of water and weigh again, being careful to see that 
weight of water and volume check. Add an equal vol- 
ume of the dry aggr'cgatc after weighing, and note exact 
rise of the watei' level. Let W = weight of material, and 
(r wciglit of water displaced. Then specific gravity of the 
IT . 

mat(a*ia,l = = if rnetric units are employed. 

Report should be in standard form. 

Experiment E-5 

Determination of Voids in Aookeoates 

J()hns()n’s Materials of Construction, htli 
Kd. p. 409, 117. 

Taylor Thompson, r)th Td. p. 181. 

ITool & Johnson, pages 25, 20, 27. 

'khe voids in an aggregate are the intersti(^es between 
the j)a,rti(Jes. 

Tlu^ total volume of hollow si)aces constitute the abso- 
lu(.(^ voids. The total volume of hollow s|)aces minus 
voluuK^ o(*(*upicd by moisture constitute the air filled 
voids. 

N o'ri;: 'TIk* ;il)S()liil.(‘ volnnici is j.lH‘ (oinl solid mass in aaaihic unit . 

TIk' absolute voluino of t li(‘ ajj!;gi’<‘ga.t (' and oi tlu' (sanent 
plus tli(‘ \\’at(a‘ and aif \'oids must (Mpial unit\’. 

Material. - Any aggr(‘gat(‘ usually sand, gravel or 
l)i’ok(m stoiKv fliorotighlv driiMl. 
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Special Apparatus. — I^or (‘OMrs(‘ nint('rijil,s; Hso i\ 
vessel which is water tight and caiKKatA' is nt l(‘asi 
l .<2 cii. ft. Volume of water may bv. (Ictermiiual by 
weighing. 

For finer materials: Use a, 1000 gi’aduaie or 600 (•.(•,. 
graduate if very fine ma.teria.ls a.r(‘ Ixaiig m(\asur(al. XoU 
urne of water may be (utlier iiK^asiircxl or W(agli(Ml. 

Deierniiiiiilwti of Fo/V/.s hij Sporijic (Irovilij Mdliod. 
See Year llook yV.S/r.M. 1021. Pp- 7(>l. 
fn this method the aj>pa.rei!t spcaa'he gravii.y must b(‘ 
known or l)e determiiKMl as in Mxp<‘rim(mt, kb l. 

Knowing the sf)e<*ili(5 gravity of the aggn'gaita th<‘ 
weight of a cubic foot of the solid mad(‘rial may b(‘ 
determined. 

Then determine tlie weight of a known volume of ih(‘ 
aggregate' usually in pounds p(‘r eubie* foot as (hh.i'rmim'd 
in Experiment E-2 in tlu' state' in which th(‘ pea'ciml-agi' of 
voids is reeiuireel, that is, loos(', shalo'ii or pa(‘k(xb From 
these weights the j)er(*e'ntage of voids may be ligureab 

Experiment E-6 

Ve)LiiMM Mois'iaiim l{i-;n;\'i'ioN oi-' Sands 

References. Taylor A' Thompson. 

Proc. of A.S.dbM., 1020. 

Man mil. 

Materials. — Dry sand. 

Apparatus. Standard circulai’ iii('asur(‘, 20 c.<v gradu- 
ate, one poird.e'd rod, larg(‘ trow(h mixing pan. 

Procedure. We'igh out 06 pounds of snnd. 1 )(‘t(‘r 
mine moistures of th(‘ a.|)pai‘(‘ntly dry sand. { 1000 gram 
sani|)le is suHici('nl/ for this d('t(‘rminal ion. ) 1 hh (‘rminc 

the we'igld. per (*ubi(^ foot of th(‘ dr>' sand [)>• <h(‘ Pod 
Method (See Manual; page 10 1 j. .\dd 1 p('rc(m(. waPa 
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to the original 35 pounds of dry sand and determine the 
weight per cubic foot. Determine the weight per cubic 
foot for eveiy per cent, of moisture up to 8 per cent. 
Kach inember of the party should make a test for weight 
per cubic foot for each condition of moisture. 

Report.- — A concise report is desired. 

Note. — "rhe increase in volume is calculated on a basis 
of tlic sand at zero per cent, moisture by two methods; 
1st, wlien the water added is taken into account and 
2nd, wlien the water added it not taken into account. 

1st Method . — ‘^ Knowing the weight per cubic foot of 
tJie sand both dry and moist, the percentage of increase 
in volume due to the added moisture is calculated from: 


P 


“ X 100 


Hb(l + r) - W, 

where P = per cent, increase in volume, r = ratio of 
water addcnl to wcaght of dry material, Wi weight per 
cubic foot of dry material, and Ifo = weight per cubic 
foot of moist mad/Crial. 

2nd Method. Calculated fr'om: 

ir, - ir, 


p = 


X 100 


whern Wi and W‘> liav(' the same meaning as above. 

Curves sliould be pIotbMl showing weight per cubic 
foot, and incr*eas(‘ in volumes (])y both methods), as 
or’dinate, against th(' per (amt. moisture as abscissae. 


Experiment E-7 

Sa’ODY ou Sir^:vi<;s 

The rnsults of si(wirig t(‘sts will not. Ix^ eomjrar'able and 
specifications (ainriot h(‘ apidital pr-operly unless th(‘ 
st, andar'd siev()s pr*(\s(mt the same spadng and dianudiu* 
of wir-es. The commercial uumbcr*s d(\signating the 
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sieves are approximately the muiil)er of meslies p(M' 
linear inch. There are two .staiularil .series in us<^ at 
the present time. 


I. Tyler Series — Each OrnNtNO Eotriii.i! Tan nkxt FjowKit 


No. or size 

Size of clear opi'ninj.!;, in. 

1 1 >iani('l,er of wir<\ in. 

200 

0.0021) 

0,0021 

100 

0.0058 

0 0012 

48 

O.OMO 

0 001)2 

28 

0.0232 

0.0125 

14 

O.OfOO 

0 0250 

8 

0.01)30 

0,()320 

4 

0.1850 

0 . ()(>5() 


0.3700 

0.01)20 


0.7500 

0 . 1 350 

IH 

1.5000 



XL Tfw A.S/r.M. Slandanl.s 1!)2I. I’l’. sr>() 10- 1 I 


No. or Hiz<^ 

Siz<» of cN^ar opeiiiii},';, in. j 

I lie ttiel (•!■ of wire, in. 

100 

0.0051) 

OOOK) 

80 

0.0070 

()0()17 

50 

0.01 17 

0 0071 

40 

0.0105 

0 00118 

30 

0.0232 

0 0130 

20 

0 0331 

0 010.3 

10 

0 0787 

0 021)1) 


In sieving ol)servo the following diriM^ljOns; 

Aggregate should Ix' dry. 

Use KK), 250, 500, or 1000 grains of (li(‘ sample sinci' 
the results arc tluui inor(‘ (\‘isily turruMl into pin’ cinds. 

The samples to lie tesUnl and [ilaeiMl on Mk' coarsi^sl 
sieve, which is the toj) oiu' in th(‘ lu'st. 'TIk' siio ing is 
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coitiplote wlicn not more than 1 per cent, passes after 
one minute stiaking. 

The results ai’c plotted in a curve showing the per 
(‘ents. retained in the various sieves. The most con- 
venient diagi'am is on the logarithmic scale. 

Sieve Analysis of Aggregates. — A well graded aggre- 
gates contains particles of different sizes. Specifications 
|)r*escril)e the amounts of the various sizes of aggregates 
entering into a desired concrete. 


Experiment E-8 

SiKVj*] Analysis of A(J(;rk(Jatks 

''Fhe experiment gives gi\‘iphically the graduations of 
sizes in an a.ggi‘ega.to and by comparisons with a theoreti- 
ctil idoid a,ggr*ega,tc the improvement of the aggregate 
ma,y be known. 

Proc. Anicr. (yonerete Institute, 1917 pages 432 and 
440. 

Ilc'port of Joint (k)mm. 1924. 

('onercte Mngh-s Handbook, Hool and Johnson, 
pa,g(^ 23. 

Stamhirds of A.S.T.M., C 41-24. 

Material. — (irawc^l and sand or broken stone with 
s(n'(‘(mings, or stoiu' and sand well dried. 

I. A r(^pr('sent<‘iJivo tost sa.mplc of the aggregate shall 
))(‘ s(‘l(M‘t(‘d i)y (niiU’tering or by use of a sampler, which 
;irt(‘r drying will giv(^ not less than the following: 

{(i) Vine sggregnt^e, fJH) g. 

(//) ( !()arso a,ggi‘ega,t(^ or a mixture of fine and coarse 
;iggiT'gat(\s, w(‘ight in gra;ms, 3000 times size of largest 
si(we reciuired, mea-siu’od in inches. 

Tlie coarser the aggregate, the larger shoidd be the size 
of tlu^ original sainjilc. ddu; sample should be separated 
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into its sizes l)y sieving, bcgiiiuing witJi tlu' ljirg(‘st si(‘V(\s 
11io amount remaining on ea,eh sieva^ nft(u- fiv<^ minutes 
shaking should l)e weighed, also tlu' ‘imouni passing tin 
finest sieve. If the sum of tli(‘S(‘ is not (‘<(ual to tin 
original weight, distrilmte th(‘ error proj)ort ionat.tdy . 


"rAnnn I. 


Sieve 

number^ 

Si(^v(^ openinjj: 

Wire di.’unctcr 

j ’roh'i'.’iin’t 

A per 

■ml. 






1 

ir«' 


or sis!e 
in inehoH 

nun. 

in. 

nun. 

in. 


di.i. 

1 iidcr 

ii'i cr 

ovnr 

M ii 'kitmini 
• »p<uii(n', 

No. 100 

0. 144) 

0,00.51) 

0 102 

().()() 10 




to 

No. ,50 

0.2S)7 

O.OI 17 

0. ISS 

0.0071 

i; 

1,. 


40 

No. :io 

(),.50 

0.02:12 

o,:{:i 

0. onto 

.5 

1 O 

;io 

2.'» 

No. 10 

1 , 1 0 

t).04 01) 

O.nl 

0, 02i:{ 


1 5 

;io 

10 

No. S 

2. as 

o.()i ):{7 

O.HI 

( ).():{;{ 1 

;{ 

1 

;i() 

it) 

No. 4 

4 , 70 

0. IS7 

1.27 

0, 0,50 


1 .5 

:to 

10 

•y-in. 

O.o 

0 , :17.5 

2 . :i:{ 

0, 01)2 


ID 

10 

10 

4.1 -in. 

Ifl.t) 

0.7,5 

:i.42 

0. i:i.5 

;{ 

10 

10 

10 

1-in. 

2,5.4 

1. 00 

4.12 

0. 102 


10 

10 

ID 

I hii-in. 

.as.o 

I . .50 

4., 50 

0. 177 

;{ 

10 

10 

10 

2-in. 

,50. S 

2.00 

4 . .SS 

0. 11)2 


10 

10 

10 

;{-in. 

70.0 

:i.()0 

0, 

0. 2.5 


10 

1 

10 

10 


' Tho r('(tuir(*tn<'n(,M for Hi(‘v<‘.s No. lOO l<i I (‘oiilnnii to the nMiuii'otiiciilH of 
the U. S. Sljiiidard Sh've S<Ti('H as ^dv(‘ll in I . S. Hurciiu n| Slaiidardfi I^cttcr 
('Irndar No. 74. 'I'hc lilx'ral I oloraMcca will perinil tlic u.-ic of <‘»'r(aiii iticvivt 
whi(di do not (*.\uc(ly coria'Hpoiid to fhc iinnihciN pivaMi in Inhlr. 

Note the actual dzc of tlir (argcsl piirliclc in (hr ^-ntniplr. 

Computations. — Plot a. diagram \vil,h p(‘r <‘(‘nl,s. passing 
the sieve as ordinates and sizt'i of m(\sli of tli(‘ dil’ha’tmt, 
sieve as a])S(;issie. 

Plot also on this dia, grain, (airves rt/prt'stMitJng tht' 
specifications in Appcmdi.K II. 

Discussion of Results.- ■ In what siz(‘s of partiehhs is 
the aggregate deficient? I low may this Ix^ rtaneditMl in 
a, practical way? 

If the aggregate should h(^ screen(;d into two or inoie 
parts and tliese recomhined in ntev proport-ions, indicate' 
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on what sieves to screen, and the new propf)rtions of eacli 
size to use. 

( hve the proportions for an assiinied concrete. 


INFORMATION 

YiKLI) ok ( l()IV('KJ'rrjO and (ioANTITIKS Rkquirki) 

The volume of mixed concrete is approximately two- 
thirds of the total volume of the separate cement, sand 
a/nd (‘.oarse a,^.a;i*e^-a.t(v The volumetric shrinkage of 
sand and gravel wlun mixed together is about 10 to 20 
j)er (‘ont. Th(\s(^ aa*(' rough approxinuites. The acd/ual 
shrinka.gr^ will d(^f)end upon the character and sizing 
of th(' ag'gr(‘gat(^, consistency, richness of mix, etc. 

Fuller^s Rule. — Fuller’s rule is a simple approximate' 
rul(‘ advanced hy W. B. Fuller as follows: 

Iharrels of cement per cubic yard of concret(' = 


(' f N O' d 


Numlx'r of cul)i(t ya.rds ol saaid ~ X X 

NuiiiIk'i- of (‘ubic ya,rds of (coarse a,ggregate - 


r + X -I (/ 

\\'h(‘i‘(‘ (' number of parts of ( ’ement. 

X mimlx'r of parts of Sand. 

(; mimiM'i' of parts of (’oars(i Aggrc'galn. 
'rims for a 1 ; 2 ; I mix 

1 0.5 10.5 


P)bls. of ( Vnu'ul. 


1 I 2 + I ■ 7 


'ubic \ ards ol Sand — X 2 - 0.15 
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This rule is approxinuite. T1 k‘ sizinji; of (lilT(M'('nt, 
aggregates is not considered. 

Approximate amounts of Mjiferials r(‘(juir(‘<l for 1 <‘ii. 
yd. of concrete. 


Proportion 

Ccniont, 

bbl. 

Sand, 

(Ml. \'(1. 

( J ravel or hI.oiux 
eu. yd. 

1:2:4 

l.fiO 

0 . 16 

().«*.» 

l:2H:r) 

1.21 

O.K) 

o.'.rj 

1:3:6 

I.0/> 

0, 17 

0 , <.i:{ 

1:4:8 

0.<S1, 

O.IS 

O.iKl 


On account of settleimad, of s(.on(‘ in ( ransil., fi'om S 
to 12 per cent., it is usual to ordcM* ii, hy (h(‘ Ion. \\'(‘ight 
of broken stone at the crusluM* is: for liin(‘ston(‘, 2^i0() 
2600 lb. per yd.; for tra.[) 2‘I0() 2700 lb. p(n* yd. 

Extensive tal)les will found in “ ( om^ndo, IMaln 
and Reinforced’’ by ddiylor a.nd Thompson, pag(‘s 21:) 
to 217. 

Caution. — The Aberthaw ( 'onstrnction ( 'oinpaiiy 
remarks that on account of wa,si,(‘ on tin* job, th(‘ dinad, 
use of these tables will resuR in a. shoidagi^ of maf(‘ria,l. 
The Company estimaO's th(‘ sanu' amoinit of sand and 
coarse aggregate for 1:2:1 comn’ido as for 1:2:2, 
varying only the e(vment. Thus for I yd. of conendr. 


Proportion 

( NniKMii,, 

bbl. 

S.Miid, 

(Ml, > (l. 

SI ( me, 
lonii 

l:2h-r> 

i..;i() 

0 .60 

I ;>o 

1:2:4 

!.()() 

0.60 j 

i.;;o 

l:VA:‘3 

2.00 

(),.60 

1 . :io 

1:1:2 

2. SO 

0 .60 

1 ;i0 


i.S tons of broken limeston(‘ is approximab^ly I yd. 
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Experiment E-9 

Hand Mixincj of (■onciuote 

Harid-rnixed conci’etc is not under so good a control as 
nuichine-inixod concrete and, therefore, not so uniform, 
ddie student should learn tlie appearance and behavior of 
well mixed (H)ncr(ite with respect to consistency, uniform- 
ity, harsliness, etc. 

"rhe following dir(‘ctions from the Manual of the Ameri- 
can Railwiiy fjigin(MM*ing Association should be carried 
out. hirst, however, (kd/ormine in advance the amount 
of matei’ial necMled and the proper consistency. (See 
hkper. No. h-n, h]-l(), E-17 or F-2.) 

'‘VVlu'ii it is tKMU‘ssitry to mix by hand, the mixing shall be on 
;i, vvnt.(U'(,iglit platform of sufIi(U(ait size to a.(;(*ominodate men 
a.ii(l matca’ials foi’ tli<' progu'ssi v(^ a.n(l rapid mixing of at least 
two l)at(ili(\s of (•()ncr(‘i.e at I-Ik^ sa.me time. Batches shall not 
(ix(a‘(ul '2 y<l. (^acli. mixing sha.ll ho done as follows: 

Mi(‘ fim^ aggi'('gat(^s shall spr(‘a,d <^V(‘nly upon the platform, 
Mam Mi(^ (anmad ui)on ilu^ fim^ aggr(‘ga,(.(‘S, a,nd thos(^ mixed thor- 
oughly undl of an <‘V(ai color. TIk^ wa,tcr lUHicssary to mix a, 
thin moi'tar shall th(‘n Ix^ a, (Ideal a, ml (.h(‘ mortar spr(‘a,d again. 
1ti(^ c()a,rs(^ a.ggrcgat(‘S, which, if dry, slndl first l)C thoroughly 
w('lt(‘d, shall (IxMi lx‘ added to |.hc morta.r. Tlx^ ma,ss shall tlicn 
lx‘ t.uriKxl with shov(‘ls or Ixx's until thoroughly mixcxl and a, II 
(.h(‘ a.ggrcgat(‘S covcrc'd with nx)rta,r. Or, a,t the option of th(^ 
Idigimx'r, tlx' coa.i'sc aggregates ma.y Ix^ a,dd(Kl heforo, instead of 
altrr, adding the \va.t<‘.r.’' 

Not-ice fJitd, a coiHirctc tlutt a.})pe{u*s dry at first will 
Ix'conu^ (‘jisily llowing n.fter longer mixing. If the 
concr(d,(i works luirsli junl fJi(i a,ggregat(i tends to sepa- 
rate, mor(^ (‘(‘MK'iit or niorc^ fine sa,nd is la^eded. 

NottF.— (I) l)o(‘s fr(‘('. wa.t(U’ a.p|)ea,rs wlu'ti tlie mass is 
struck with a, shoved. (2) At wluit angle with the 
horizontad will ldi(^ (a)n(a-(dn flow off the shovel. (3) 
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If the concrete will hold ii lov(^l suii;i(‘(‘ in i\ \vli(M‘ll)a.rrow 
while the aj 2 ;^ 2 ;rep;«ite does not sink Ix'low the sin’fa(‘(‘. (‘I) 

If the concr(4o (luakes whih^ it. islxan^’ t.ainfHMl t,<) f)osit.i()n. 

See that the tools are clea,n(ul aH(‘i' us(‘. 

A convenient method for mixing” (*on(*r(‘t.(‘ l>y oik^ man 
is as follows: 

The materials a.re Tnix(Hi dry in a. mort.ar hox witJi hij»;li 
sides and a slopinfj’' (md. With th(‘ lio(‘ draw th(‘ dry 
materials t()wa,rd the slopinjL:: (md and su|)ply W!i,t.(‘r as 
needed, mixing’ a sinaJl ha,t<‘h of (a)n(a*(4.(^ thoroughly. 
When tlie batch ha,s Imen us(m1, another small bat.ch is 
mixed in the same manma-. 

Experiment E-10 

Mixin( 3 ('oNour/rK nv Maoiiinu Mixmt 

liefcrrua^s. — Johnson’s Materials of ( 'oust, met. ion, 
5th Ed. pp. 4:19-4-11. 

Americuin Concrete Institub^ Proc(‘(‘dings. 

Final lleport of Joint ( ’ommiMiay Fro(\ .\.S.4\M., 

1917, p. 219. 

Obtain catalogue of ty|)(‘ of niix(a’ und(‘r op(‘raJ.ion and 
study design and operation of t.lu' ma<diin(‘. t 'luadv t.ln* 
following: Type: ba-tch; (ront.imious; Dischanic: l.ilt.ing, 
spout. lAMidiny: staXe met. hod. Sluipn of Drum, 
ArnuujrmcNt of Interior lilodr.s. ( \uitroL Speed of Dr uni 
Kexwiinieiided. Movement of (uuierdc in ]D.ver. Mens- 
urerneni of Water. Time. Dondiliou of Dludr.'<. (7rn//- 
■nens of Interior. 

Observe acXion of mixeu’ a,nd r(‘port. following: 

Time liequired to DireJuinje. Does Mi.vt'r Seatter Don- 
Crete in Discluinjimj? Proporliou of Drum ('opueity 
filled with Concrete, Time of Miximj. Water, Collon per 
Bog oj Cement. U niformity of l]D'xiu(j. W'hat. is tin; 
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rcinod.y wlicui itio^ inix separates or works too harsh? 
!}id'piU oj fNtxrr in cubic jjarcls pex honr. 

In inixinjji; with l)atch machines, it is desirable to 
mix th(^ wa,t,er, (cement and aggregate in the order 
named. (Jood concrete can be produced in 1 to 13 d 
ininutes ol time of mixing. For machines of two or 
more cul)ic yards capacity the minimum time of mixing 
should be two minutes. The speed of rotation should 
be approx. 10 r\}).m. A speed at the periphery of the 
drum of about 200 ft. per minute is a general average 
for different types of mixer’s. 

Experiment E-11 

Amount or Watjok RKoumni) rou Mixincj 

Cement and wat-(a’ form a paste that binds the aggi’e- 
g\‘ite togetliei’ and lubricates the aggregate to permit 
thorougli mixing. An excess of water unduly dilutes 
a,nd weakens tlu' cenKuit paste. Thei*efoi’e, the minimum 
amount of wa-tei' should be used that will give the 
required workalrility, molrility, or consistency to the con- 
crete. d'his consistency is kept constajit on any one job 
but va,ries with the jol). A thin wall with steel rein- 
forcements re(|uii’es a. wet conci*ete; concretes I’oad, a, 
medium (‘omaxd.cq sidewaJk base, a dry (tonerrd-e. 

The ri(‘h(‘r l,h(‘ mix, the more water* r’rafuired (22 per’ 
c(mt. })y w(aght) to hy(h’a,t(‘ th(‘ <‘(anent. ddui amount of 
wa.hu’ in (‘on(‘r‘(‘t(^ is b(\st (‘xpr’(‘ss(Ml as volume of 
vvai(;r in r(‘hition to tlu' volunu^ of (*.ement. A volunus 
ra,tio of 0.(S, is O.S (ai. ft. of wai(U’ i.o 1 (ai. ft. of |)a(*ked 
(‘(anenl,, /.c., ra^arly b. l gaJ. [na* bag’ of (‘(aiKUit. 

The ultinra,t(‘ str(‘Mgth of th(‘ (a)nci’(d.<i u|)on which unit 
st-rcss(\s aj’(‘ to Ix' l)a.s(Ml, shall be assur’cxl, in th(‘ absmic(‘ 
of t,(‘st,s sp(a*ih('d in Far’agrajrh (3 to b(‘ as follows: 
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Approxiinaio mix volutiu' 
of Portland to 

8um of separate volumes 
of fi 2 ie and eoarse 
JigKref?at<‘ 


Water-ratio’'' I a S. gjil. pt-r Assumed ultimatt' striUigDi 
IM-Il). SJK'k of eeiiienl. :il I'S (lays Ih. per m<j. in, 


Pla.8ti(^ Mass (k)iicndA‘ (Sluiup 1 to in.) 


1-6 

7'^ 

2()()() 

1-5 

()‘;J 

2r>(H) 

1-4 

5‘;, 

;^()0() 

Modora.t(^ly W<d. (V)U(*ret(‘ (Nluinf) 6 to S in.) 

1-6 

s 

1000 

1-5 

7'., 

2000 

1-4 1:, 

()'2 

2500 

l-3.,4 

5*1 

2000 

Very Wet ConciadA^ (Slump 10 in. or moi’eit 

1-5 

S 

It >00 

1-4 

■ 7':, 

2000 

l-3'4 

(dv 

2500 

1-24 

hj.i 

aoot) 


* Water or moisture eontaaned in t lu* I (> must Ix' indiKh'd 

in coinputing; the \va,ter-ra,tio. 

t (.k)ncret(^ of this (•()nsist(‘ncy, whih' friuiiK'ntly us(m1, slioidd 
l)eavoid(Hl, a,s it will he porous and of low resisi aiua' to \v(‘a ( Ip'rini;. 


Tlic water Jihsorhed in a porous a^jni'(^a;d'<h *<^id tli(‘ 
moisture in an affi-rej2;a,te that has Ixam (‘xposial to tlu’ 
vTOither, must be added to or subtracted from tht‘ above 
table. 

The finer the ag‘^re^-a,te th(‘ mort' walcr is ixaiuinai to 
wet the surface of the [)arti<‘l(‘s. hor instan(‘(\ liiu' sand 
reciuires more water tluin eoarse sand and, (luMX’foic, l,h(‘ 
cement must be increased if th(‘ sanu' si r(‘nj»’(,h of ])ast(‘ 
is expected. 
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Methods of Measuring Consistency 

Such methods are not well standardized. 

Experiment.—Determine the amount of water required 
to l)ring’ al)out a consistency, described below, of a 
I 2-3 mix, using a local aggregate from the field. 

Consistency. — The consistency of the concrete shall be 
such that when a cylinder 6 in. in diameter and 12 in. in 
length is filled with concrete and tamped until all voids 
arc filled and a slight film of mortar appears on the sur- 
face and tlie cylinder then removed, the vertical settle- 
ment or ^hsluinp” of the concrete shall not exceed 2 in. 
when a mechanical finishing machine is used, nor more 
than 4 in. when the finishing is done by other rnetliods 
permitted in these specifications.'- 

(Consistency is usually judged by the general l)ehavior 
of the concrete but sometimes tests are specified. 

Description of Slump Tests. — (a) By the ' ('yhr^der 
Slump” Test development of Abrams, which is thus 
pc'rformed. 

Mix the coiKU’ete tlioroughly, adding tlie estimated 
amount of water. 

TaJiip the conci'ote into a galvanized iron mold which 
is a cylinder (i in. in diameter and 12 in. high. The 
cylinder is filled in, two layers, h^ach layer is tainped for 
■10 strokes with a, •'’.s in. round steel rod. 

Then draw th(^ mold up, off the specimen, and noh^ 
how much tlu' s[)ecimen shortens or slumps in heigiit. 
The cousishmey is (‘Xfiressed by the slum|). (V)nsist- 
(‘n(\v - 1.0, shimi) is ' 2 b> 1 di. C 'onsistem^y 1.10, 
shmii) is 5 to h in. ( 'onsistem^y 1.25, slum}) is cS to 
10 in. 

This U‘st ai)()li(\s to sands and gravcTs rather than 

' fi-oni s|)<'ci(i<‘;il ions for oonen'to ns(‘(i in I'oads. 
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to sand and broken stone. It is more lolinl.le for 
wet mixes. 

(/>) The Roman Cone TeMfor ('oiimelciirii.' In pl.'iee ol 
the cylinder a ti'uncated cone is used, S in. (liaim^lor of 
base, 4 in. diameter of top and 12 in. liif-li. 'Fhe mold 
shall’ be tilled to about one-fourth of its heiy,-ht with tlu' 
concrete which shall then be |)uddh'd, usiuK 20 to ;10 
strokes of a t^-i'i- pointed rod. 'I'lie lillinp: sball be com- 
pleted in successive layers similar to tlu' liistand I lie top 
struck olT so that the mold is exactly Idled, 'I'lie mold 
shall then bereinoved by beins raised vertieally, Imim'di- 
ately after liciiifi; filled, 'rhemoldedcom'ivioshall tlien be 
allowed to subside until (luiescent and tlu' subsid.ence of 
thespeciinen measured. For concrete to he linislu'd by 
a mechanical tampiuf-- machine the slump shall not he h'ss 

than 14 , in. nor to exceed I in. H tlu' concreti' is to be 
finished by hand methods flie slump may lie as much as 
11 ^ in. Fxperience in detcrmiinin^!; the consistency 
of concrete with the truncated cone apparatus would 
indicate the followin}>; “slumps:’’ \'ery dry emisistency, 
no “slump;” fairly dry eonsisf.ency, '2 tn | in.; iiK'dium 
to wet consistencies, 1 to 4 in.: wid. to sloppy consist, - 
cncies, 4 to 8 in.; very sloppy consisi.encies, above S in. 

(c) Bureau, of SUindardx, ■lifiiiiuij or Floir Tahh- Ti-.sl." 
The Jigging Test developed by the Itureau of Standards 
employs a table t'Op raised vertically to a llxed height by 
means of a ca.m working at, the end ol n \'erlic:d shall. 
A mass of concrcif,e is mohh'd in l,he c('nter ol Ibe table in 
a sheet metal mold which has t,h(' shape ol a hollow Irns- 
turn of a cone. For aggrc'gati's u|) to 2 in. maximum size 

' I ‘nicecdiiKjs, Am. Soc, 'I’cst ing Mills., \'iil. '.t.'i. I ’m l 1(1 '.rg.X). p T Hi 
Kor !i. il(‘K<'i'i|it ion imil illn.sl nil inn nl' one ilrsigii Im n lli iw I ii 1 ilc, 
si'c /’rcrco/u/f/.s*, Am. Sec. ’Pcsl . Miil.s, Vol. , i’lii l II. p. it lii 
(Pl'iO), ami “ComircUi,’’ .June, 11120. p. 27 1, 
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this cone has a, hei^’ht of 5 in., upper diameter of in- Jriui 
lower diarnetei’ of 10 in. hV)r smaller aggregates a mold 
having a height of 3 in., upper and lower diameter of 4 in. 
a,nd 6 in. respectively may be used. After molding with 
as little tamping as is needed to fill the form, it is with- 
drawn and the ta})le top is raised and dropped 15 times 
in about 0 seconds tlirough ^2 inch after which the new 
diameter of the mass is measured. Usually the mass 
flattens and spreads concentrically. Two diameters at 
right angles, the long and the short if difference is appar- 
ent, are measinxal by meansof a proportional caliper which 
is so gra,(lua,ted tha,t the sum of the two readings gives 
directly tlie “rehitive flowability,’’ which may be 
e.\pressed as the new diameter, divided by the old, 
multiplied by 100. 

Using a, imiss of the size and shape descril)ed above we 
find tliat a flowa.bility of ISO is probably as stiff a con- 
(U’cte a^s (^an be (^huted and placed for reinforced concrete 
wor'k in practice. A flowability of 240 is probably as 
great a-s is ever needed or should ever be permitted since 
tlie addition of more mixing water may result in excessive 
segregation . 

(d) Bureau of Public Roads: Plate Test . — The plate 
test developed by the Bureau of Public Hoads is based 
upon tlie principle that the consistency of concrete may 
be determined by weighing the amount retained upon a 
cii’(*.uhir plate of a given diameter when the concrete 
is d(^posii(Ml there or in a standard manner. Approxi- 
imitely ‘15 lb. of wet coma-ete is caused to be dropped from 
the lower end of a ho])i)er through a distance of 12 inches 
onto a 12 im^h diameter circular plate. The weight of 
(M)ncrctc remaining upon the plate is taken as the plate 
index of consistency. 
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Experiment E-12 

A(M:hJrTAN(’K "rKS'I'S OI*’ A( K J liK( ; A'l’MS 

Samples of sand a-re sul)ini(X(Ml for tnstinii,' puri)()s(\s. 
It is desired to know tlun'r suitahility for iis(‘ in (•(nnont 
mortar and con(a‘et('. 

Before the p(n-forma.n(^e of any of Mh‘ l<‘si,s, i< is essen- 
tial that ea.<5h student a.ssi|j:n(‘(l to tin’s {‘\f)(‘rim(‘nt. fainil- 
iarize himself witli th(‘ nu't.hods as a,'iv(‘n in t li(‘ Lalioraiory 
Manual or other refer(m(‘(‘s. 1I<‘ shall tlHui discuss the 
details of conducting;* tli(^ t(‘st,s with (he instructor in 
charge. 

As a guide to the various t.(‘sl.s the following dat.a and 
notes are given : 

Refcrcjirrs. A.S.T.M. lh-oc(a‘dings and Standards. 

Lal)oratory Manual. 

Indiana State Highway SpcMu’licat ions. 

Joint Comm. (’oNOKM'ri-: K'kcoki’ 1U2I 

Test 1. — Determination of Silt and Clay. 

Laboratory Manual, Mxp. M-2, p. <)7, Midhod 
Need not save wa,sh wat.iu*, hut, instoad pour it, t hrougli 
a 200 mesh sieve, sawing all niat(a*ial caught upon this 
sieve. Dry and weigh r<\sidu(‘. 

Test 2. — Mechanical or Sieve Analysis. 

Use residue from the vva,sh t,<‘st, as saniph^ for si(w’<‘ 
analysis. 

Manual, lOxj). hw a,nd D-S. I’se .V.S.'IWI, si(‘V(‘s, 
Specification (’ -11 2'1, Nos. I, S, lt>, MO, .at), 1(H) and 200 
mesh. 500 gra,m sainphy Bo-tnp macliiiua Diaw si(‘V(‘ 
analysis curve from pcuxauit-agivs passing (‘a<‘h siinav 
Test 3.— Strength of a 1:3 Mortar. 

Manual lOxp. F-1, p. IM-l, Method (‘x<‘(‘pt, as follows: 

Sands: A. yand as submitted. 
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B. Sand 0 — 8 mesh in size (screen from sand ‘‘ A^’), 

C. Sand 0 — Ki mesh in size (screen from sand 
1). Standard Ottawa sand. 

900 gTin. sand will be enough for 6 briquettes. 
Specimens: 6 l)riquettes from each mix (3. @ 7 days, 3 
({/) 28 days) or 2" X 4" cyls. or 2" cubes if desired. 

Test 4. — Colorimetric Test for Organic Matter. 

Manual, I0--2, p. 98. Method 4. Original sand only. 
Test 6. — Weigh per Cubic Foot (Rod Method). 

Manual E-3, p. 99. Use 8" dia. X 8" measure = 
I cii. ft. 

4.2;r" 

Test 6. — Specific Gravity (Exact and Approximate 
Methods). 

Exact: .Jackson 4'est. Follow A.S.T.M . 192 1 Standards, 
p. 715; Manual, K-A, p. 103, Method (b), and page 105, 
Method 5. 

Test 7. — Voids. 

Manual, l^]-5, p. 105, 


ARTICLE 6 

Pkopoutioninci Mortars and (k)NORETES 

Information E~13 
Theory of Proportioning Concrete 

A (n‘iti(ud study of methods of proportioning comn'ote is 
at [)res(mt (1920) under way. The problem may be thus 
sta t(u 1 : 

Foi’ (a)nstruetion : 

Given Conditions. 1. The strength. 2. 4lKM*onsist- 
(uiey. 3. The exi)ecte(l aggregate, (which may vary 
in sizing of particles). 
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Factors to Be Adjusted. — 1. 'I'he a, mount of (‘(ancmt. 
2. The amount of water, .‘h The I'Cilative profxartions 
of fine and coarse aggre^>;ate. 

1. The usual practice is to specify tiio arhitrnnj mix 

of 1-2-3, 12-4, 1 ;i h, thus (h'cn'asing the 

proportion of cement as a, W(\ak(‘r concride is (l(\sir(‘(l. 
The sizes of the aggregates nvo sp(‘(a(i(Ml in a(lvanc(‘. 

2. Formerly a rough ideal of tlu' mix vv.as ohtaimal 
from the measured voids in th(‘ aggi*(‘gai(‘. V'oid 
determinations arc subject to so many (UTors that, this 
method is not used. 

3. IVie method of volumetric m/fithesis useis tria l mixt-unis. 
That mix is selected which will produce' iJie' demse'st, 
concrete, v’.c., one which will yie'ld the' le'ast volume in 
relation te) the (luantitieis entering in(,o the' mix. 

4. lh'oportie)ning l)y adjusting tJie' re'lative' a, mounts 
of the particles of elifforemt sizes to follow the' distribu- 
tion indicated by an iele^aJ curvea as for inslarice' an e'lli[)se'. 

5. Proportioning gravel ea)nea-(4x‘ by ine're'asing f,h(‘ 
cement when the per cevnt. e)f sand in the' aggre'gaie' 
increases. i)ei)e)sits e)f grawel neea'ssarily vary in re'la- 
tivc amounts of sanel and i)ebble's. (Usually the're' is an 
excess of sand which may all be use'd, if a rie'he'r mix is 
specified, (dainds Methe)el (sea^ Am. Soc, 4M\1.) give's 
the amount of (cement te) prexluea^ a, e*on(‘i*('tn of standard 
eiiiality. The amount e)f sand a,nd its we'ight must be' 
measured. (See 4\able Heax by (^rum, Ame'r. So(‘. for 
Test Mat. 1919, pp. .|(>2.) 

(). Proportiiuenuj by i^urj(ice Areo^ Mdwards and \ Oung, 
(s(X3 Pre)c. 19IS A.S.T.M.) ineliexate' that th(‘ surface' aiva 
ol theaggingate is the nmsi, important de'lnrmining factor 
in the pro|)e)rtioning. ddjc (‘e'lne'ut paste' must enve'r the 
surfaea' of the [)a,rtie‘le's. The' surfae*e' aina is ae‘lnall\ 
(*aleailate3el,ldr (xxanif)le TOOsep ft. pe'r 100 lb. e)f aggingale'. 
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An amount of cement is supplied to fit the job, thus for 
a first class concrete 2 *-2 lb. of cement for each 100 scp 
ft. of surface, or in this case, 7 } ‘2 lb. cement for 100 lb. 
of ag'g-re^ 2 ;ate, or rou^'lily 0.186 of cement per 100 lb. of 
agi^i’e^'ate, or roughly 1:4.6. For details of this process 
see lOxperiment 

7. Pr()p()rti()viii(j by Finenei^s ModuLiiH — Abrams (Biil- 
l(4/in No. 1. Flructiiral Materials Research Laboratory, 
Ijcuns Institute, (Iiicago) discovers that a certain grada- 
tion of aggi*ega,te acjcompanies the maximum strength. 
Fhe gradation is expressed by the Idneness Modulus. 

Fh(^ Fincmess Modulus is calculated thus^ — 

Si(^ve a sample of tlie aggr*egate through the following- 
set of Tyler sieves: l^^, Nos. 4, <8, 14, 28, 48, 

100. Add the percentages retained on the sieves and 
divide l)y 100. The Fineness Modulus is an expression 
of tlu^ area, under a, curve re|)resenting the sieve test. 
hAidently a numl)er of curves, sizings of line and coarse 
aggregate ratlnu* than one ideal curve, will produce a 
given Mneness Modulus, and therefore a given strengtli. 
If the Firumess Modulus and water-ratio are kept con- 
stant, a, constant strength will result. But if the con- 
sistency is changed by the addition of water, the cement 
must be ima-eased to lu'cservc constant the water-ratio. 
S(‘e h]x|)(a*im(‘nt on Mmciunss Modulus, hj-lh. 

(S. Joint (U)))iviittvv RecAruinicndvd Method. 

I’ro<‘(‘dur(‘: 

Fs(‘ judgnumt in tlu^ determination of th(‘ (piality of 
(‘oncrcd.i^ d(‘sir(‘d; i.e., tlK‘- strengtli (h'sired. 

I )(‘t(‘i-min(^ the (‘onsisten(\y oi- d(g-i-e(' of wetness n(aa‘s- 
sary foi* th(^ pai-tic-ular woi*k and conditions. This is 
m(‘asur(‘d by tln^ slunp) t(‘st. 

1 )(‘(,(a-min(‘ t.h(‘ maximum siz(‘ of lli(‘ hn(‘ aggrig-at(‘ and 
tli(‘ maximum and minimum siz(^ of (.li(‘ (‘oarsc' aggrcg'at(\ 
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''(1) Not loss tliJit) ir)p(M*(*(‘ii(. ,sh;ill fu' rctairuMl Ix^twoen 
the sieve which is (‘oiisidonMl, (hr maxiimiiu si/a* and tlio 
next SMiallcM- si(*v(a” 

^^(2) Not inon^ (Jian 15 [kt {*(*n(. of a (‘oarsr :i^’^T(‘|»;{ito 
shnll be fiiHa* tlian (4i(‘ as (Ik* luiniiuum 

si/^x'^ 

''(2) Only (4i(‘ si(‘V(* si/rs ^ivrn in (Ik* (a}»l<‘ shall he 
considered in M[)|)Iyine; Unh's ( h and t2i.’' 

The proportions as PoriJand ( ■(•in(‘n( : Idrit* A|i,>»r<‘|A;a,i(‘' 
(darse A|»Ki‘<‘K^‘te: an* ^';iv(ai in (Ik* (abh* of K‘<*port 
for the d(*sir(‘d st.n*ne;4h under (he h(‘adin|>'s for the 
desired slump and for (Ik* line aeivn'KatA* and coarse 
affire^iite d(d-(‘rniin(*d, 

9 . MvliuHl PropoHvd hfi CofN. (' i\ uf A/firrinni P<Hicrvtv 
fmtitiUe. 

Prcxicdunu’ 

(1) Sel(*ct an a.R‘^-iv^»nl,(* (he si/(* of (Ik* larf;(*s( particle 
heing as la.rg(‘ as (Jk* work will permit . 

(2) .1 )(}(iu n 1 1 IK* (Jie ia('i(> (>1 (iik* (() coarse aggr(*gat(' 
which will produci^ (Jk* gr(‘al.(*s(- d(*nsi( \ , See \ssignm(*n( 

IW. 

(3) Add eianenl, and wa(i*r in a pred(‘( erniiiK*d ratio, 
dependent upon (Ik* s(,r(*ngth (h'siird. (o (Ik* aggivgati* 
to prodiK^e a, mixl.un* of such i)las(Ka(y as is most, suit,- 
a,l)le for projH*!* d(‘p<>si(,injT jn j|,p work. S(*(‘ Abram's 
curve showing r(*la,(,ion l»(‘(\v('(*n .’ (ivnetii and walen 
(xunent n'latlon. 

(4) Prom (,h(‘ w(*ig-h(, of ( Ik* unit, \ oIumk' of ( he eonemte 
thus produc(‘d and (Ik* w(‘igh(,s of (Ik* ingredK'nts i(, 
(a)ntains, derivi* (Jk* proport ions. 
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Experiment E-14 

Proportioning CoNCMiETE hy Method of Sieve 
Analysis 


I he cases which may arise are in general, the 
following: 

( ASE 1. A single aggregate is separated into two oj‘ 
more si;5es and re-combined. 

( ASE 2.~'’i wo or more aggregates are to be combined. 
(a) When their analysis curves meet, ))ut do not 
overlap. 

(/>) When their analysis curves wholly or partly 
overlap. 

Procedure. Cam 1. — Perform the operation of 
moclianic^al sieving upon tlie aggregate and draw sieve 
analysis curve together with curve for ideal mixture as 
directed in I^xperiment h]-8. 

Study the curves to decide how many and what 
sizes to screen the aggregate into so that the re-combi- 
nation of parts may be as near as pra,ctica.blc to the 
ideal curve. 

Noi’e. —I t is not jirax^ticahlc in most cases, on account 
of extra expense, to s(n*een into more then thr*ee sizes of 
aggregate. 

Now treat each size of aggregate as a comph^k^ sampli' 
and r('-draw its (airv{‘ to the original siaile. This is 
most (xtsily doiu' by manipulation of valiums by sli(l(‘ 
rule. S(ie fhg. 2Sa. 

There are now n^presiuited on diagram sluad:, two or 
more aggregates, as the ca,se may l)e, whose curves do not 
overlap in sizes, and drawn to the same scale. Thes(‘ 
should 1)0 combined according to the demands of tin* 
ideal curve for the mixture. 
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(live the percentages of each to use and draw the 
combined curve. For methods, see Reinforced (Concrete 
(k)nstruction, Vol. I by Hool, p. 7. or Concrete, Plain 
<‘ind Reinforced, p. 190-200 by Taylor and Thompson. 

(Jive the proportions by weight for an assumed con- 
(iretc, i.e., 1 to x concrete. 

('Asn 2. — (a) Perform the operations and draw tlu' 
(vurves as in hlxperirnent IC-8. The curves of the dif- 
lei*ont a.ggi‘(\g-at;(‘s should l)e drawn to the same scale on 
the same sheet. The Ideal curve for the mixture should 
1)0 drawn from the 100 per cent, point on the ordinate of 
the largest size of particle and the coarsest aggregate. 
Tiie method of cotnbining the different aggregates is 
given in Case 1. 

(/>) Perform the operations and draw the curves as 
directed in hl-8 and (a) above. 

For method of combination and drawing combined 
(Uirves see (Concrete, Plain and Reinforced, l)y Taylor 
and Thompson. 

I LLUSTKATION OF ’MjOTHOI) OF pROFOUTIONINCi ( 'ON- 

curyrn by Sieve Analysis 

In Fig. 28e thc' following (uirves ai'e shown: 

Curve A. r(‘pr(\s(Bits the ideal (uirve of maximum den- 
sity for a, mixture of cement, sand and gravel where tlu' 
siz(^ of the hirg(‘st j)a,rticle is 1*2 

Curve H r('pr(‘s(uits an ordinary ‘‘Hun of Hank” 
sanipl(‘. of gi’avd in which tlie size of larg(\st- partidc' 
is Ij 2 

Curve C' repr(\s(Mits a 1 to r> (by wdghil inixtuia^ ol 
(‘(vment and gra vcvl as shown in ( Inwe H. 

Curve I) r(‘i)res(mts th(‘ sand finer than '.i in. in the 
Run of Hank gravel, plotted to the sanu^ scale. 
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('urve E represents the gravel c^otirscM’ tlnui ‘:| in. in 
the ‘Mlun of Bank"' as represented by Cur'vc^ B and 
plotted to the same scale. 

C'liTve F represents a 1 to 5 (l)y weight) mixture of 
cement and sand as represented by Curve 1) ajid gravel 
as represented by Curve E. 

Any mixture of cement and the run of bardv graved as 
represented by Curve B, will l)e far from tlu^ idiad maxi- 
mum density mixture as represented l)y (hirve A, If, 
howeverj the run of bank is screened into iavo pa,rts, 
sand finer than 34 in. represented l)y Cui-v(^ I) and gra,v(‘l 
coarser than in. represented l)y Curves E, mixture 
of cement plus aggregate may be made to <a)nform (d()s<'ly 
to the ideal. The ratio of cement to ag*grega/t(^ musi. be 
assumed in any case and depends u})ou (lualii.y of 
concrete desired. In Fig. 28a the ratio of (aammt to 
aggregate was assumed to be 1 to 5 l)y weight. In a,ny 
mixture of I to 5 concrete the cement is 1 dividcal liy {] 
equals 10 . (i per cent, by weight of the wliole. Tlui i(l(»jil 
calls for 37 per cent, finer (equals sand plus c(mi(mt) tluin 
a in. size and 63 per cent, coarser than '4 in. sizi^. To 
give a still closer approa(di to the id(^al 36 pea* (amt. lima* 
than ill- and 65 per cent. coaa‘S(a* thaai in. w(a-(‘ 
taken. 

The mixture, to conform closely to th(‘ idcad, will lia,v(‘ 
then 35 per cent, by weight finer thaai >.| in. and this 
will be made up of sand plus (aamait, and sima' th(‘ 
(‘ement in a 1 to 5 mixture is Ki.i) p(a’ ciait. of tli(‘ whol(‘, 
then 35 — !(),() = 18.4 per c.ent. is t.h(‘ jxa* (aait. by weigh!, 
of sand smaller than in. in th(‘ mixtmn. pne 

portions of (xanent, sand, and gravel for th(‘ total mixlanv 
of 1 to 5 (*oncrete are them 1().() per (^ent. (‘(amait, IS. ! p(a- 
cent, sand as iviiresented by (hirve I) and (>5 pea* c(mt. 
giavc'l as i’(‘present(id by Curve E. d'his coi ia'sponds (,o 
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the proportion by weight of 1:1, 1:3.9. The propor- 
tions by volume as used on the work will be determined 
from the unit weights of the materials. The bulking 
effect of moisture should be taken into account in this 
transformation of proportions. See Exp. E-3 and E-6. 
And the curve of the mixture (Curve F) is seen to con- 
form much closer to the ideal maximum density curve 
than a 1 to 5 mixture (Curve C) of cement and tlie 
original ‘'Bank Run’’ gravel. 

Experiment E-16 

fiXPERIMENT ON SuiiPACE ArEA OF AGGREGATES 

References . — Proceedings of Amer. Soc. for Testing 
Materials, Vol. IS, page 235 and Vol. 19, page 444. 

The surface area of aggregates is sometimes used as a 
measure of their value for concrete. A coarse sand, for 
example, has less surface area to be covered with cement 
l)a,ste, and requires less water for mobility than a fine 
sand of eciual volume. 

Method of Determination of Surface Area. — 1. 

Sieve a sa,mple of gravel; determine its weight per cul)ic 
foot. Sieve it through the following 'Tyler sieves 1* 2, 
:1s, No. 4, S, 14, 2S, 48, 100. 

2. Count the nirmher of particles per gram or fraction 
for extreme small sieves per oiuu^e betwc^m the smaller 
inhaaiKHliat-e si(W(^s, and {)er i)oiind betwc'cm the largei’ 
si(W(\s. 

3. I)(it(‘rmine the S[)e(*ific gravity of tlu^ aggregat.(' 
a,n(l calculates tins weight of solid eaibie* in<‘h. S(hs Exp. 
E-4. 

4. (4alcuL‘ite the number of [sarticles reepiired to form 
this solid volumes and therefrom tlies averages voliiiues of 

e)ne [sarticle. 

0 
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T). AsHViining this volume to be a sphere, (‘alculate it-s 
diameter and surface area, and total surface area of th(‘ 
particles per unit weight. 

6. Express the result in sejuare ieet per 100 lb. of 
aggregate between each sieve and for entire saan[)l(^ 

The following formula may be conveniently used: 


A = 230.1 



where A = Surface Area in squar-e feet per 100 lb. 

S = Specific Clravity of material. 

N = Number of grains per gratti in any siz(^ of 
separation. 

7. Make graph with diameter of |)a,rticle as abs(assa. 
and square feet per 100 lb. as ordinate. If 3 lb. of 
cement are to be used for every 100 stp ft. of siu'fax^ci 
of aggregate, how many bags of cement will l)e us(mI 
to a cubic yard of this mixed aggrega,to? 

With water ratio of 0.85, how iminy gallons of waten* 
per bag of cement? If the proportions are started in 
terms of mixed aggregate, as 1:4.2, how can this b(^ 
expressed in terms of separate volumes of sand and coarsen 
aggregate? 

The Hydro- hdectric C^ommission of Ontario pro|)or- 
tions concrete on the basis of surface area,. (S(m^ Engi- 
neering News-Hecord, Vol. 84, page 33.) 


Experiment No. E-16 

lOxPKlUMr^NT ON hdNMNKSS MoDUIUIS 

/A/crc/a>Y^s^■~- bulletin No. 1. Lewis Instit,utx\ Johnsons 
Materials of Engin(i(u*ing. 

44ie Eineness Modulus is us('d a,s an (‘xpression of that 
gradation of sizes of a,ggrega,t(‘s which will produce' good 
concrete. A Eineness Modulus of 5* .; to (i is fav-orabhe 
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Witli sarno aggregate as in Experiment No. E-14 on 
Surfaxte Area, determine the Fineness Modulus, th(^ 
sum of the per cents, retained on the sieves divided by 
100. See pages 110 and 121 in the manual. 

(1) Report Fineness Modulus of sand and pebbles 
separately and combined. 

(2) Report per cent, of sand and pebbles in mixture. 

(3) ( Iheck application of following formula. 

Fineness Modulus of mixed aggregate = F. M. of 

sa,nd X per cent, of sand + F.M. of pebbles X per cent. 
of pel)l)les. 

Woi'k following numerical problems. 

(1) The V. M. of sand is 3.05, and of pebl)les is 7.50. 
Recpiired per cent, of sand to produce a mixed aggre- 
giit(^ whose F. M. is 6.0. 

(2) When sand and pebbles are mixed the resulting 
volurtie will be al)Out 0.86 of the total separate volumes, 
(d) a mix of 1:2:4 will be a proportion of 1:6 X 0.86 
or 1:5.16 combined, (/>) a mix of 1:4.2 combined aggre- 
gates will l)(^ what? When expressed as separate or 

4 2 

loose volumes? = 4.9 loose volumes. 

.(SO 

'Vho aggre^gate sieves to show 40 per- cent, sand and 
()0 [)ei* c.ent. stone. Flierefoi‘e — 

4.9 X 40 p(U“ cent. = 1.96 sand 

1.9 X 60 pin- c.ent. = 2.94 sand, or appr-oximately 

1:2.3 

(3) (\)ncr(‘(c for a roa.d constrmd.ion is sfXMafied to 
be inix(Ml 1:2:3, Fiat is 10 [)er c(‘nt. sand and (iO per 
<‘eidu pc'bblc's. F1 k‘ available sa.nd is liner tluin th(‘ 
specili<^a.tions allows. What should new pro[)orti()ns Ix^ 
for a. concrete of (xiiial strength, and tire line sand use<l.^ 
d\'sts on the aggregate show the following: 



132 


I.AIJOKAT<>H,V MANI AI. oK ri,S‘li\<i \I\I1 KMI 


V. M. fine sand ■ 2.1() lli. per eu. Id. Krj 

F. M. cojirsc sand 3.30 11», p(‘r (‘u. ft.. ip; 

F. M. i)ohl)les -- 7.2;') \V(M^dO Id. pnr eu. fi,. l pj 

Wei^'ht of inixcHl a|i:g’r(%*i((' with <M);ir.s(.‘ sand 120 
11). i)er (Ml. ft. 

Calculations. Ucal Mix l:t2 | iPO.Sil 


F. M. of mixed agtifefi.'ite l<-<i!irse sand i 

3.30 %; . 

Id 1 

(i() X 7.25 -= 5.(i7. 

Tile F. M. <il’ till' UKgri'Kiilc 

with line s; 

:ind must 

. also 

be 5.()7. I\vr eeni,. fine sand 

7.25 5.()7 

7.25 2.10 

^ 100 

2,0 p(M* 

(•(‘III,. 

Per cent, of |H‘l)bl(‘s 

1 1 7 . 5 
100,0 

( 17.0 per 

cenl.. 

The mix will i)(‘ as IxJort' 

1:1.3 mixFM 

1 or 1 ; o 

loos(‘ 


voluinos. 

Tlie proportions will 1 h‘ 

Saiul 5 X .325 1.(12 

Fol)l)l(‘S 5 X .57 3.3>S, or I ; l.(»2:3.3S. 

We ha.V(^ tints addtal coarst^ niattu'ial !)>' addini*!; niort* 
pel)bles. This mix should Ix' ((‘sled to se(‘ it it works 
properly on the job. 

Repeat this ealculadion for (la* iua((‘ri;d ((‘s((Mi in tliis 
(‘xpca-inieiii.. 

Experiment E-17 

PnoroirrioNiNO MA'i'KiUAn.s toi; (’omioii iA.(M. 

( Mmni ( '•() t 

Jtifvrvncvs. St.jindard SptMakK'a I ions tor ( '<nier(‘le .‘ind 
l^einfortied ( Mnen^tt^ Joint. ( 'ominit Nmu FILM Slandar<ls 
of A.S.T.M.; Manila.!; IhilhJin Xo. I ot Lewis lnslilut(‘. 

Materials. ( 'oarsi* and lini* a^i':reij;ales. Mixtuii* ot 3 
l.)rands of port, land e(‘ni(‘n(.. 
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Apparatus.— Cubic foot measure. 

Method. — 1. Select an aggregate the size of the largest 
particle being as large as the work will permit. 

2. Determine the ratio of fine to coarse aggregate which 
will produce the greatest density, (Manual EI-3, Hod 
Method.) 

3. Add cement and water in a predetermined ratio to 
the aggregates to produce a mixture of such plasticity as is 
most suital)le for proper depositing in the work. 

Procedure. — 1 . Determine the weight per cubic foot 
of the fine and coarse aggregates, and mixtures of fine 
and coarse a,ggi-(^ga t(\s when the fine aggregate is 25, 30, 
35, 40, 45 and 50 per cent, of the total aggregates (E-3). 

2. Dump about 1 cubic foot of the combination of 
fine and coarse aggregates, which yields the greatest 
density, into the mixer. 

3. Add a sufficient known amount of water and cement 
in a ratio of .... to produce a consistency of concrete 
to give a cone slum[) of .... inches. (See Note.) 

4. Mix I minute in a batch mixer, and then measiu'e 
tiie volume of mixed concrete and determine the cone 
slump. 

5. Make iS" X 12" cylinders of concrete, ( -ap with 
neat cement. 

(). ( hire in damp sand and tost in .... days. 

7. DeHu’miiu' |)ro{)oi'tion of cement, fine a^nd (coarse 
aggregat(‘s us(m1 in batch. 


No'i’io. I 'se a wa,tei‘~(^emejit ratio which will give a 
str(‘ngth of - lb. [KM* scp in. wluai (calculated from 
Abrajns average Strength-Water ('cancmt Hatio curve as 
r(^^)r(^s(mt(Ml by the eciuation 


Stixmgth “ 


II, ()()() 


where x is th(^ watc'r (‘('numt-ratio. 
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Article 7 

TESTS OF CONCRETE AND OTHER BRITTLE MATERIALS 
Experiment ¥-1 

Thk Value of a Sand oh OTiiuit I^Ynf A(;(iHK<;A'rK as 
Shown by Stoknusi’H Yi-ism's 

Purpose. — This test is to (l(4-(‘rmiii(‘ lh(‘ sti'(‘ii^Tli of a 
natural sand mortar as eomparcMl with slnaiji,!,!! of a 
standard Ottawa Sand Morl.ar. 

Note that fine soluble linavstoiu^ dusi. from (luaiay 
screenings may cause failun^ in a sl.ruetuna without 
showing defects in this test. 

Referenc(u^~- Sta4(^ Highway ( 'omiuon Sixah- 

fication in appendix, page U)3. 


Joint Comm. Itupoiri' 1924 

Material. Any sa,nd or lin(‘ matiahal iis(h1 as a (‘on- 

crete aggregate. This imitiu'ial should all pass a ‘ i-in. 
sieve. The original inoisturi^ in Hk^suikI should l)(‘ pn's- 
ent if |)0ssil)le, in which (\‘is(^ a coiTi'ction foi' wihghls 
must 1)6 deterinined by drying a. s(‘parat(‘ sainph'. 

The cement used should b<‘ a, mixiun' in (sjual parts of 
several sta,ndard Portland (‘(amait-s. 

Method. In (hd.iu'mining lh(‘ strmiglh, iiini' Inst 
spe<4mens of standard OttaAva, sand and (Mani'id in I hi' 
proportion of 1 |,)art ecanent, by W(‘ight to .4 parts ( )((a\\a 
sand, should be made in the r(\giilai' way. Sen lv\p<ai 
numt I)-() and D-7, 
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sa/mo number of specimens should be made using* 
ib(' sa/nd under test. The correction for weight due to 
moisture sliould be made. This damp sand slioiild first 
bo thoroughly mixed with the required amount of cement 
until the wliole is a uniform color. Water should then l)e 
added until the consistency is the same as tliat of tlie 
stiindaj'd saaid moi’tar. (dire should be used in this 
(kdjermi nation. 

T(\st d at 72 hours, at 7 days and 3 at 28 days age. 
He()oi*t the strengtli of each and the average of the three. 

Report, 'riui report sliould , be in standard form. 
The ratio of the strength of the test sand to that of tln^ 
staanhu'd sand mortar should be noted. 

If tlie saaid proves to be defective what tests should b(‘ 
made to a-s(*ertaiu the cause? 

Experiment F~2 

(Se(‘ also Kxp. h'-3) 

(dMCKUSSIVK HTliKNCiTIl OF (k)N('liKTK 

The ol)je(d, of this experiment will be to determine the 
(‘( impressive sti’ength of concrete. 

y?c/‘crc//cc.s.- llool (k Johnson ‘d kuun’etc^ IdigiiUMU's 
I laaidbook.” 

I h d< (' r ’ s M <• ison ry ( k > nst r u c t i o n . 

Material. - Use lirokcai stone (or gravel) up to Uv i^^- 
sand and Portland cenumt. 

Apparatus. Six cylindrical molds. 

Method of Making Test Specimens. 

1. Uonqiression tests of concrete shall lie made of 
(‘ylinders of a, diameter e(|ua.l to one-half the length. The 
standard shaJl be () by 12-in. cylinders where the coarse 
aggi*(‘gat(‘ does not exceed 2 in. in size: for aggregtdcNs 
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larger than 2 in., 8 by Ib-in. cylinders shall be used; 
2 by 4-in. cylinders may be used for mixtures without, 
coarse aggregate. 

2. Laboratory Hand mixing. 

(a) Concrete shall be mixed by hand in batches of sucdi 
size as to leave a small quantity of concrete aftcu’ molding 
a single test piece. The batch shall ijn^lerably b(‘ mix(Ml 
in a shallow galvanized steel pan with a lO-in. bricklayc^r’s 
trowel which has been blunted by cutting off about 2b, 
inches of the point, as follows: 

{b) The cement and fine aggrega,te shall Ix' mix(‘d dr\' 
until the mixture is homogeneous in color; 

(c) The coarse aggregate shall be added aaul mix('d di-y: 

(d) Sufficient water shall be added to prodma^ (a)m‘r(4e 
of the required workability; 

Notu. — (,k)ncrete tests should be made on pldslic mix- 
tures. It is of the utmost importance that a^ uniform 
degree of workability be secured in tests involving (‘om- 
parisons of different materials and imd-hods. 

(e) The whole shall be mixed thoroughly until tlu^ enl,ir(‘ 
mass is iiomogeneous in appeara.mx\ 

8. The workability or plasticity of eaeh ba,t(^h of con- 
crete shall be measured immediately at’ ter mixing by om' 
()f the following methods: See FjX\). L-11. 

4. Concrete tests pieces shall be mohhxl by phuang th(‘ 
flesh concrete in the form in layers 3 to -I in. in ttu(tkn(‘ss. 
f]ach layer shall be puddled with 25 strolo^s with a. •'>,s in. 
round steel bar of a length 9 in. greaXcu' tluin tli(‘ kmgtli 
of the mold, pointed at the lower cmd. Aftca* th(‘ tej) 
layer has been puddled, the surplus (a)n(a’(4,(‘ shall b(‘ 
cleaned off with a trowel, and the mold (x)V(u*(mI witti a 
machined metal plate or a piece of plate glass a t hxast ‘ .| 
in. thick, which will be used later in cai)ping the lest 
piece. 
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5. Two to four hours after molding, the test pieces shall 
he (tapped with a thin layer of stiff neat cement paste in 
order that the cylinders may present a smooth end for 
loading. The cap shall be formed by means of a 
imichined metal plate or a piece of plate glass of suitable 
size, a,t least !:|. in. thick, worked down on the fresh 
cenumt |)aste until it rests on the top of the cylinder form. 
The cement for capping shall be mixed to a stiff paste 
before l)eginning to mix the concrete; in this way the 
tendency of the cap to shrink will l)e largely eliminated. 

In com |)u ting amounts necessary use the rule shown on 
p. Ill, or obtained by methods shown in Kxperiments 
K- \r) or K-K). 

Ih)r method of mixing, see Experiment E-9 or E-IO. 
Tamp concrete in cylinders in layers of 4 in. A 
diameter steel rod is recommended for rodding the con- 
terete into place. Carefully smooth off the top and make 
(^ylindca* stand vertierd. Be sure top and bottom bases 
aj‘(‘ botli [)erpendicular to axis of cylinder. Test in 7 or 
2S days. For method of test see F-3 and IM. 

Experiment F-3 

(k)MeunssioN Test BurTTLio Materials 

Tlu' pur[)oses of this experiment are: To obtain knowl- 
(Mlg(^ of th(‘ propt'r irndbods of testing materials in eom- 
pr(‘ssion; of tli(^ crushing strtuigth of such materials; and 
of tlie clia.ra.ct,(UTst,i(! forms of fracture. 

Material, ddirta^ (a)ncr(‘t(^ <\vlin(l(u*s, or tbre^e bricks, oi' 
t(‘rra, (a)tta,, or aaiy building material in pro|)er form for 
(a)m[)ression test. 
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Preliminary.~( 1) Before testing any specimen care- 
fully measure its height and cross section. 

2. When brick, stone, concrete, or cement, specimens 
are to be tested they should be carefully be<lded eitJior 
with blotting paper or with plaster of Paris, (S(^e t'ig. 
(i.) To bed a specimen with plaster of I^aris, lia,v(^ (,lie 
testing machine balanced, and th(^ luaid down so far 
that it will clear the specimen only al)out I in. oi- 2. 
Then mix some plaster of Paris and water to a, v(a‘>' Ihictk, 
creamy consistency. Spread a tliin layaa* of this on 
paper placed upon the spherical l)ea,ring l)loc,k of tin; 
machine and cover it with a piece of tough sI/amI pajKU’, 
U[K)n which the specimen should then be i)huaMl. TIk' 
paper is to keep the water of the phister out, of i\\o. sp(M‘i- 
men. Upon another similar })iece of paper a similar 
pad of the plaster should be spread covcihaI with anotlnu’ 
piece of paper to form a pad, and the pad tlam pk*i(‘(Al 
upon the specimen. The head of the maahin(‘ should 
then be run down rapidly until it presses upon tlu^ [)hts- 
ter sufficiently to cause it to flow, thus insuring a, good 
l)edding. With the trowels now fill up all th(^ opeui spa<‘(‘s 
about the edges of the specimen noa,r the faccNs of 
macliine. The surfaces of the specimen may b(^ sh(‘lla,c(Ml 
and the plaster of Paris applied dire(dly to tluan. If it 
is not desired to cap the specimen in the testing mavhima 
oiled plate glass may be used to give a, sm<M)th plain' 
bearing surface on the plaster of l^iris. Afti'r h'tting ( In' 
plaster set until hard, the specimen is ready to Ix' (‘om- 
[)ressed. Have the work inspected by the instructor 
before proceeding. 

Another method of capping sp(aamcns is as follows; 
Make a paste of neat cement or rich morl,a,r at or Ix'foiA' 
making the (‘oncrete and phua^ tlu^ pa,stc on th(‘ sp<‘cim(‘n 
after 2 or 3 liours has elapsed, ddiis should tlnm Ix' 
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covered by plate glass or other plane surface until the 
paste hardens. 

In tlie case of all materials see that the ends of the 
spcciiuen admit of a good even bearing in the machine. 

The Test. — Using the slowest speed available about 
0.05 inches per minute when the machine is running 
idle, now compress the specimen, meanwhile keeping 
(lie s(‘.nle beam floating; and watch carefully the behavior 
of th(^ s])ecinien. 

Computation. — Uomputc the stress in pounds per 
s(iiia.re imdi at first crack, and at maximum load. 

Results. — Loaxl and crushing strength at first crack 
arid at imiximum load or failure, Sketch form of fractiu'c. 

( V)mpa,rison of results with standard values. 

S(‘C general form of report. 

Experiment F~4 

( \)MI>U10SSI<)N OK IbUTTLK MaTKRIAJ.S WITH Dki^^OKMA- 
TroN M lOASUIiEMnNT 

J{([lcren(rs. Walker* on “Modulus of Elasticity of 

( 'oncfetcU’ Ih’oceedings A.S.T.M. Part 11, 1919. 

Ilool, Keinforced (k)ncr*etc Vol. 1. 

Object.— In addition to determining the maximum 
sfTrmgth in cornpr'cssion, as in other compression tests, 
i (, is in (/(Mid('( I in this (‘Xjierimcnt to find the sti(-ngth at 
(‘his(l(‘ limit, the modulus of elasticity, and the modulus 
of (la, Stic r(‘silicru‘(\ 

Material. The mat(M*ial should he of a cylindrical 
f,,,.,,, if p<)ssil.l( 3 . A giiRO length of tit loiist 8 in. should 
1)(‘ a vailal)l(^ 

Apparatus. — ( lomprcssoinctei- rending to O.OOOl m. 

Operations in Testing.- -Proeeiid as in other eoinpies- 
sion tests cxcc'pl, that the load is applied in inereinents of 
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- -pounds (a,l)()ui oii(^-i\v(‘nl-i(4li of ilu* {)rol);il>l<‘ ina,xi~ 

nuini load) and iho fotnl ;iinount ol conipnsssion ai. 
oadi incroinont is nn^a-sunal by a coinpri^ssonKdta*. ( (i.s(A 
slowest S|)(hmI of the niacliinc. ) 

Computations. Plot point, s witli unit, load in pounds 
per s(juare ineli for ()rdinat,(‘s and unit, (•onipr<‘ssion in 
in(4ics per inch for ahseissaa l>i'a\v a straight, liii(‘ 
averaging- tlu^ points j)r<‘(‘(‘din}i: llio (‘laslic limit, if any: 
and, ta,n^ 2 ;(ait to this st,rai^i;ht, lini*, draw a smooth curva^ 
a,vera,gin|>' th(i remaining*; points. Mark tli(‘ points 
of nuiximum load and (Oastie limit, winch latter 
is the point of tan<;-(mcy (»f the straipjit, liia* and tlu' 
smooth (UU'vaa TIkmi draw a iin(‘ through th(‘ orijLpn par- 
allel to th(' stra,if»;ht lin(‘ jin^viously <h*awn throu|..'h tla^ 
|)l()tted point-s. (Do not. cont mim^ this liia* beyond (‘lasti^^ 
limit.) Mark the point, of (dastm* limit, if any, on oor- 
reeted line. 

Consult a,bov(^ r(4er(‘ne(‘s for various methods of eoni- 
putinii; Mod. of DIast.ieity. 

44io moduli ofolast.ie r(‘siii(me(‘ and of nipt uia'-work ar(‘ 
the work done on (‘a,(4i (mbi(‘ inch of material in d(4’orm™ 
in^' it up to the (4a.st,i(^ limit- and ult-imat(‘ stiam^t-h 
r(\s|)eetively. These moduli may b(‘ obtaimal from th(‘ 
curve of plotbal points by multiplying; t he anaa umh'r t h(‘ 
(Uirve up t,o tlu^ point, eonsid(‘r(Ml b\' the seal(‘ valu(‘ of 
caieli unit aresa, oi th(^ eoo!'dinat,(‘ pap(‘ror b\’ eom[)utat ion 
from observed daia. 

Experiment F-6 

Kkinkokoko ( 'o.ncuk'I'M P)I':\,m 'I'kst 

J^cfvTcncc.s. ( \)n(‘i’et,<‘ Plain A' Ihmil <u'e<M 1 by Ta\’lor, 

1 hompsoii A, Sonulski. (Mnei’i'ti* 1 )(‘sijj;;n b\ I r<|uhart 
(S: ()'ltourk(‘. 

Notio.--” 1 his (‘xp(a*im(‘nt, may be imuh' to aj)ply to 
t)(\‘un or slab test-s bv ehana;ina; la'i’tain di'lails as to 
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shafKi and aiTaiigenieiit of specimen and I'einforeerneni 
arid also nieasurement of deformations. 

"riiis experiment follows or is accompanied by com- 
])r(^ssive strength test. The same proportions will 
prc^vail. The object of this test is to investigate the 
a,(4aon of a reinforced concrete beam. 

Material. — Same as in Experiment F-2 with the 
addition of steel for reinforcement. 

Method of Making and Test. — Make concrete as in 
Experiment F-2 only a little wetter method of propor- 
tioning will 1)0 as in E-12. Place two tapering wooden 
plugs on l)ottom of forms under each reinforcing rod 
and spaced 10 inches center to center in middle of 
Icaigth of beam. Wet forms and cover bottoms of 
mold witii about 1 in. of concrete, then [)lace the 
rods in position. Ihun and spade the concrete well 
about forms and rods. Level off the top and cover with 
damp cloth. Sprinkle every day for ten days. 

Id)!' comi)r(^ssion measurements small iron or brass plugs 
should be s(4; flush with top of comu'ete, dii*ectly over the 
rcanfoiaa'UKuit and s|)a-ced 10 indies center to center in tlie 
middh^ of th(‘ Ixaim. Drill holes in the I’oinforcing and 
plugs a,s dir(K^t(Ml. 

44i(^ (,(^st will be under su|)ervision of the instructor. 

I )(‘t(‘rinin(^ tlie load-deflection curve and stress in st(‘(4 
and (‘on(*rete, if possibles, by m(ains of the Perry strain 
g’Jtge. 

Draw (uirves for each beam on the same sheet with 
f<()tal loa,d a,s ordiiuites and stresses in the st(‘el and in 
(Ji(‘ (auHU'cte a,s ab(ussau 

Report will cover: 1. Description of materials, kind, 
brand, voids, strength of cement, etc. 2. Metliods for 
obtaining pro|)ortions. .4. Design of beam. -1. Percent, 
of steel. 5. Stresses in concrete and steel at siife design 
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load firsi. (M‘ack and iinixiimiin l)y I'onnula, and by 
(). Location of neutral axis by ^nipliica.l inelJiod. 

Experiment No. F~6 

Bond Sthknotii ok S'cmml in ( 'oNouicrK 

Bond strong'th is th(‘ resist, a, nci' <,o wil lidi-awal oflVa'i^d 
by the surface of a steel bar (‘inb(‘dd(M| in eoncn'Ir. At 
low loads this resistance' a-ris<‘s from l.lu' adhesion Ix'faveaai 
vsteel and the film of cenumt, as in cas(' of a polislaxl bar. 
When this is overcome, tin' rouglnnsss of snrfaxa^ intro- 
duces bearin^i; and sb('a.rin^»; n'sistnnee, as in cas<‘ of a 
deformed ba,r with shoulders. An ordinary plain bar 
with uneven surface is a pa,rtia.lly <l(‘form(xl [lai*. 

Select two round rods 20 in. lon^-aiid '■;* in. in dia.nndnr 
from each of the following:: (rold drawn s(o<‘l with smootJi 
surface; ordiimry plain nanfonmifi,- stix'l ; (h'fornn'd bar. 
Embed these in cylinders. Pull out th(‘ bars a(, a^'v of 
28 days, observing (1) stret<di of l)ar, and (2) wilJidrawal 
from concrete at incix^asing loads. 

Draw curves of slip <*iga.inst, bond st rc'ss jxa* S(juar(‘ iindi 
of embedded surfa,ce. Ib'port (1) I)ond s(,r('ss a,t first 
slip, (2) maximum bond, (2) stn'ss in bar a,t maximum 
bond, and (4) number of dia-nn'b'rs of hmgfJi of (‘inlxxL 
merit necessary to d(jv('lof) nia,ximum sf.nmgili of bar. 

Did the cylinder split? Did the bar reach i(,s yi(‘I(l 
point? 

(bnsult reference's a, ml r(‘i)ort how tla^ r(\sults would 
have varied with riclu'r eoncr(‘t(‘ and bars of s(iuaic or 
olilong shape. 

Experiment No. F-7 

Test of CkiNcuETn Bkinkohcino lAvnim’ 

Report on sample furni.sh('d iJu' following; Wddght 
pea 100 sep ft.; ultimab^ sl,r('ngt,h ol nadal; disi ribufion 
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of area of cross-section between longitudinal and trans- 
v(‘r’se directions. 

( 'onsult catalogue of manufacturer and determine uses 
for which this fabric is recommended. 

Report.— ISec standard form. 

Experiment F-8 

(hi, OSS Bendino and (\>mpression Tests op Buildin(} 

J3rick 

Rvjerence, — -h'entative Specifications for Building 
Bricks. A.8.T.M., 1924, Standards p. ()65 I. 

Purpose. — The purpose of the tests is to determine 
th(^ (luality of various grades of building bricks. 

Materials. — Various kinds and grades of building 
brick as assigned. At least five of each kind should be 
available for each test. 

The l)ricks should be dried to constant weight. 

Procedure. — 

Trati><verw — Test flat-wise on a span of 7 in. with 
th(^ load a,|)plied at midspan. Use standard apparatus. 
Detcnanine maximum brcMiking load. 

(U))npre^Hi())i Te^t . — Test half-brick on edge. 

1. (.hit tlu' bri(!k into halves with mason’s chisel. 

2. Aj)ply coa,t of shellac to upper and lower edges and 
iillow to dry. 

2. Ap})ly thin (oat, of plaster of paris mixed with vva,ter 
1,0 (,h(‘ consistxMHw of thick cn^am. 

I. Afiply oikul plal/(‘ glass a,n(l allow to hardtm. 
f). 4Vst in compr(‘ssion using sphericral Ixairing bloiho 
1 )(‘t,(‘rmin(‘ th(‘ maximum bix^aking load. 

Report. — hollow the standard lorm relc'rring to th(‘ 
above rcherence for computations and s|)ecilicitti()ns. 

Additional Reference: Bulletin No. ill, Bureau of 
Standards. 
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Experiment No. F-9 

TkSTS of RiC-INFOUCKI) ( 'oNOItK'l'K (’oLHMNS 

Jhfiremm. Joint ( V)ininitt(‘(‘ Ki'porf, for ( on(n*(‘t(‘ 

Mild Roinforcod ( '()nc.r(‘t(‘, 1921, pp. oT (>1. In-ylor, 
ThoinpHon, and Sinulski, ( 'oncrc'ti^ Plain and H(‘inror(!(‘d, 
p. 402. 

Procedure. The rnateriahs used arid naJ laxl of propor™ 

tionin^i; will be a,s in Assignnuait M-12. 

Steel reinforeeinc'nt should l)(‘ a\’a,ilabl(‘ for on(‘ or inon' 
lon^>;itudinMlly ixanfoiaaMl (M)lumns witli l.li(‘ pn>p(‘r la4(‘raJ 
ties and for oik' or mor(‘ lonj;*ii,udinaJly reinforeixl oolunins 
with spiral na’aforciaiKMit. 'PIk^ nanforciaiKait should 
1)0 carefully wired in |)lae(‘ befon^ mounting' in Uka eolunin 
molds. 

Care should b(‘ used in inoldinji; so ( hai should b(‘ no a,ir 
pockets or visil)l(‘ voids prodiuaal in <.h(‘ coiK'retF. 

Six inch by tw(4v(‘ inch short cylimCrs should b(‘ 
molded at tli(‘ sa-rne tini(‘ in onka’ (o ^;i\’(‘ (Jka sliuuKtli of 
the plain con(a‘et<‘. 

The Tests.- The tests will b<‘ made usuall\' at 2.S days’ 

a^jje. Readings of deformaXion of tlu' column as a, whoh' 
should be taJeen by nuains of suitable yok(‘s and dials 
reading to 0.001 inches. 

In certani ca,ses naa.dings ol st<M‘l str(‘ss(‘s m (he slfxj 
may be taJum by (Jh^ H(‘rry S(,ra,in gagia 

()btani (Ji(‘ load at lirsii visible eraelv iii (lie (■()(ier(‘( (» 
and aJso aX nia,ximum. 

Note the lu'havior of (T<‘ cor(‘ of (Jk^ spii-ally iemf()ic('(l 
(column. 

Computations. Di*aw a. diagi'ain \\ i(li eoluiim load as 
ordina,t(‘s and unit (hJ’ormaXion a,s abseissais 

(k)mput(‘ tli<‘ th(‘orcticaJ safe d(‘sign load on (‘aeh 
(a)himn. 



INHTU,U(rriONS l-’OU TKli K<)U.\nN<i KX KNT.S 


145 


(Compute Mio r(‘lMtiv(‘ si,i(Ti)oss of the ditlenMit cohimns 
at the sa;fe dowi^'a load on the eohnuiiK. 

If taken, stressc^s in the steel should he computed from 
the strain ji;aj 2 ;e rcadin|>;s. These should be compared 
witli the th(M)r(4acal stresses. 

Report.- The report should be in standard form. 

Article 8 

TESTS OF ROAD MATERIALS 
Experiment G-1 

H-ATTLaR Tust ok Pavino Brick 

Purpose. To deteranine th(‘ effects of impact and 
abrasion in a standard I’attler test. 

N()a'n.-“ I)ilfei‘entiate these effects in comparing differ- 
(uit sanijiles of brick. 

l\U‘J\yr(mc(us . — Specifications of the American Society 
for Tc^sting Materials, 1924, p. 054. — Judson — Roads 
a,nd Pa,veinents; Tillotson — Paving and Paving Materi- 
als: Jhdcer - Roads and Pavements; Bryne — Highway 
( 4)nstructi()n.““-Specificati()ns of N. B. M. A. 

I^]xt-i’ac-t from stamhirds of A.S.T.M., 1924, p. 059. 
'^Th(‘ number of bricdvs per test shall l)e ton for all 
bri(dv of so-(^all(Ml '‘block size” whos(^ dimensions fall 
b(4AV(‘(m (S and 9 in. in length, 3 and in. in breadth, 
a, ml and 1 hi' in. in thickness.” 

No'I’k. Wh(‘r(‘ brick of larger or smaller sizes than th(‘ 
diimmsions givcm above for blocks ar(‘ to b(‘ U'shal, th(‘ 
sa,m(i numb(U’ of l)ri(l< per cliarge sliould b(‘ used, but 
allowance for the difference in size should l)e mad(‘ in 
s(‘tting the limits for average and maximum rattk'r 
loss. 

LO 
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Note any surface evi(l(a»c<^s of laiiiiiiat ion, 
brick which are free from chipix'd eoriH'rs and otlua* 
defects. 

Apparatus. — The standard rattka* of th(‘ Aiiua*. So(a 
for Testing Materials shaJl lu^ us(m1. (S(‘(‘ Standards 1924 
of Amer. Soc. foiv Testing Materials, [). obb.) 44io 
abrasive charge sludl consist of (aist iron s[)b(‘r(‘s of stand- 
ard composition and of two siy,(‘s. Ten large s[)b(a'(\s 
4,75 in. in diameter wh<m mnv wtaghing approx. 7.5 
lb. each. The smaller sph(‘r(‘s shall b(‘ I.S75 in. in diann 
eter when new. 44i(i (a)ll(‘(d,iv(‘ w(4ght of tli(‘ (diarge 
shall be as nearly 400 lb. an possibha 

Procedure.™- W(4gh aaid pla,(*(‘ th(‘ re(iuii*(al nnmlxa* of 
bricks in the rattha*. S(a‘ that. th<‘ shot mak(‘s up th(‘ 
required weight for eanh siz(‘; if th(\v do not, phte(‘ an 
additional small shot in ratt-ha*. Ke<‘ord ih(‘ r(‘a,ding 
of the counter. ( 4()s(^ tiui laittha* and sl.art. Not(‘ Uk' 
rate which should b(^ as mair 2>0 r.[).m. as possibka i )rdy 
one start and stop per hast is g(aua*aJly a(a‘(q)(nbk‘. 

Results. — The loss shall b(‘ ca.hadated ifi p<a*c(aita.ge of 
the initial weight of the l)ri(d< composing t,h(‘ charge. 
In weighing the rattled brick, aaiy |)icc(‘ waaghing 1(ass 
than 1 lb. shall be rejecited. 

Report should be in general form. 

Experiment G-2 
AitsoKC'rioN d'ns'i’ 

Procedure. — Place 5 ratttcMl bri(4'; in dry kiln Is 
hours and weigh each hri(4v s(‘parat(‘ly to maaia'sl, graan, 
Then place in waha* c()mpl(‘t<4y sul)in(a’g(‘d at. t(anp<a-a 
turc between GO"^ and SO'OA I haat wat,<a* to l)oiling wit hin 
one hour and boil for 5 lujurs a, ml ttaai allow t.o c.ool to 
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a ieinperature l)(‘t wooii 60'' juid <S()'4^ I4a(*(^ strips ' 2 X 

•^4 l)enoath the bricks and between them so that faces 
shall not be in contact. When removed from water, 
allow the water to drip from the surfaces for about 2 
minutes, then weigli separately to nearest gram. (Note: 
When rattled brick are not available, use half-brick.) 

Absorption.-- "■Sul)tract the weight of the dry bricks 
fr-om the weight of the wet bricks. Find the per cent, of 
gain in weight, which is called the per cent, of absorption. 

See general form of report. 

Experiment G-3 

AiiHAsioN Test ov Kook vor Materials and 

Hallast 

This test is intended to determine the wearing valium of 
road materials. 

1924 Standards of American Society foi* 
Testing Materials, p. 923. 

Bulletin, No. 347, U. S., Dept, of Agriculture. Officer 
of Public Hoads. 

Materials. — Any rock or like material used in road 
(construction. At k'ast 3() lb. of the material should bt^ 
a-viuhibhc for a t(cst. 

Procedure.- Tlie material to bo tested should Ix^ 

broken in piece's a,s nearly uniform as possible. Thein^ 
should b(c 7)0 pi(C(c(\s in the charge, the total weight of 
whi(ch shall Ixc 5 kg. All t(\st pi(H,c(\s shall lie waslxxl a,nd 
tlioroughly dricxl beiorc hasting. The chaT’ge is tlxm 
{)laced in the Devid Alirasion machine and given 10,000 
r(‘ volutions at the rate of 30 to 33 r.p.m. 

44ic Deval Abrasion machine (consists of one or moi(‘ 
hollow iron cylinders, cl(.)S(cd at one end and furnished 


MS 
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with a tightly fitting (‘ovor at th(‘ oihoi*. (yvliinh'rs 

are 20 cm. in diameter ami S I cm. in <l('pldi insi(l<‘ diimai- 
sions. They are mounted on a shaJ'i/ at. an angle of SO " 
witli the axis of rotation of tlie shaft. 

At the end of 10,000 revolutions, th(^ (dia,i’g(‘ is nmiovaal 
and tliose })articles retaimal on a • iVrin. im^sh si(‘V(^ 
are thoroughly washed and dried agahi. 

Computations. — (doinpute tlu; w(‘a,r in [xa* (amt. 

( ■oniputc^ th(i Fnmch ( tHdl'Kaimt, of 


wear. 

The Trench Moc'dicient of vvaair for a,nv material 
20 400 40 

20 X i,r ” ,.r “ . r wh(a*(‘ 11 (‘(luaJs i,h(‘ 

W W p(‘r c(mt. ol wcair ‘ 

loss in weight umhu* * /(pin. in siz(^ p(‘r kilogram of rock 

used. 


Experiment G-4 


( 'h:MnNTATi()isf TnsT of Hock ok (Iravml oh, M.vi'Kiti- 

ALS OF LiKF NaMMIRF 


This test is intended to determiiK' du' (!ompa,raiiv<‘ 
value of dust from different rocks oi‘ grawtds a-s a himka* 
in the surface of roads. 

Materials.^ — The materials (jonsist of 1500 grin, of 
c.oarsely crushed rock broken to [la-ss a- ‘ ‘i-in. si(W(‘ or 1 500 
grm. of gravel as it coni(\s from bank. 

Special Apparatus .- — A Ha, II Mill foi* grinding IJk' ma<(‘ 
rials, (kmientation impacd. imudiiiK' for t,(‘sting l)ri(in(di(‘s. 

Procedure." ' PlaiHi 500 grm. of tlu^ i'o(‘k togid lua' wit h 
90 c.c. of wat(a* in the ball mill. 41i(^ mill is duai r('vol v(m 1 
at the rate of SO resolutions p(a* mimi(-(‘ for I, wo and one' 
half hours, tlie action of the (dulkal iron balls in th(‘ mill 
grinds the sample to a stiff dough. 

Place about 25 grm. of the dough in (Ju' (-ylindiaca I 
metal die for molding. The die is 25 mm. in diaimdor. 
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By applying a load directly to the plunger of the die, 
run the plunger down to a maximum pressure of 132 kg. 
|)(U‘ square centimeter. This load is applied only for an 
instant and then released. Remove the briquette and 
iiK^asure the height, it it is not 25 mm. in height, the req- 
iiisit/(^ amount of material should be added or subtracted 
to make tlie next briquette the required height. 

yVt k^ast 5 l)ri(|uettes should be made from each sample. 
1 hes(^ a,r’(^ a, I lowed to dry in room air for 20 hours and 
(IricHl in air of approximately l()()°(.k, for 4 hours. After 
(‘.ooling 20 minutes in a desiccator they should be tested 
in th(^ iinpa,(4 machine. 

l)ri(iu(itte is |)laced directly on the anvil under 
(Ji(‘ [)lunger. By placing a drop of shellac on the anvil 
un<l(‘r th<^ bri(|uette, it can bo made to stay in its position. 
Art,(u* adjusting th(‘ r'cHajrding paper and needle, the motor 
is started. Tlu' mechanism is such that the briquette* 
i*(Hauv(\s the l)low of a 1 kg. hammer at the rate of (K) 
I)(U‘ minute. The number of blows it takes to break 
th(' spcuhmen is rt'corded on the drum. 

Tlui nund)(‘r of blows necessary to (k^stroy tli(^ resilience 
()1 th(^ l)ri(iu(‘ti,(\ so that no aettion is recorded on the 
drum, is tak(*n a,s tin* (^(mienting value of the specimen. 
Tluux* should l)(^ obtaiiu'd an a.verag(‘ of at least five speci- 
mens to fix the cementing value of the material. 


Experiment G-6 

II ARON MSS Tks'I' oi-' llocK HoAD M A'l’ Klu ALs. — Dorry 

dk^st 

ddiis (-(‘st indica4(^s tht* (*.ompa.rativ(‘ hai'diu'ss of rocks 
as indica4(‘d by their ability l.o wdthstand an abrasi\'(' 
for(‘(‘. 


IM) 
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Special Apparatus.- A dijunond con' drill for cuttJn^ 

out test pieces. A Dorry Ahnisiou Ma(*hin(‘ lor festinji; 
hardness. 

Materials to Be Tested.— Any I'oek in |)i(‘c{\s lnr^'(‘ 
enough so that cylind(U's 25 nun. in diniiH^tcu- and ;d)()ii(, 
25 inin. in hiegiit may h(' cait from tlaan. 

Procedure.— Cut out. spcadimms from rock hy ni(\‘|ji.s 
of a diamond core drill. 'rh(‘ ends may 1)<‘ s(iuar<‘d t)y t h(‘ 
diamond sa,vv. At haist two and preferably four sp(‘ei 
mens shoidd be tesbal from (‘aeh material. 

These specimens should Ix^ drieal t,o a. constant wedght 
at l()()®(k ih'fore i)la.cing; in th(‘ maehim' f law should be* 
weighed. After pla.cing two sjHaa’imns in th(‘ machiiK^ 
start tlie motor and allow to run for 1000 re* volut ions at, 
30 r.p.m. 

Reweigl) th(‘ sfxanmns a.nd d(‘termin(‘ the* loss. 

The op(‘ra,tion is n^jx^ateal with tJa^ spean'imn n'veu’seMl. 

Calculations. h].\pr(‘ss tli(‘ loss as a pea* eent,. of 
the original dry wedght. ( 'omputn th(‘ c(xdlici(nl. of 
hardness, by tlie formula.: 

9 () __ grams 

3 


Experiment G-6 

S'lANDARI) MuTIfOn OK 'Fl'iS'I' I^'OIt ToKOUNKSS 0|<' l\0('K 

A.S.T.M. ^doAit Hook. 1021. He. 021 

In this eonn(‘(‘tion. toughmsss of i-oek is takin (o mean 
the power to insist fra.ctnin by impact,. 

Special Apparatus. A core drill 1 in. in di;i,m('t,(‘r for 
cutting s[xxani(ns. 

An impa(d/ imn^him^ in vvhieh t,h(‘ an\'il ux'igbs oO kg., 
t 1 k‘ hamnuM- w('ighs 2 kg., tlu^ int-(‘rv(‘iiing plunger wxdgiis 
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I l\^\ file plunger should ])oar upon tlu* l-esi pi(K*(^ 
wii,h spherical surface of hardened steel having a radius 
of I cm. 

Materials. - Quarry samples of rock from which test 
spi'ciniens are to be prepared shall measure at least 6 in. 
on a side and at least 4 in. in thickness, and when possible 
shall hav(‘ the plane of structural weakness of the rock 
plainly marked thereon. Samples should be taken from 
(K’ishly (juanied material, and only from pieces which 
show no evidences of incipient fractiire due to blasting or 
othei ca,uses. 1 he samples should preferably be split 
from large ])ieces by the use of plugs and feathers and 
not by sledging, (bmmerical stone-block samples from 
whi(di t(\st specimens are to be prepared shall measure at 
k^ast 3 in. on each edge. 

Specimens tor test shall be cylinders prepared as 
described in Section 4, 25 mm. in height and from 24 to 
25 mm. in diameter. Three test specimens shall con- 
stitutes a test set. dlie ends of the specimen shall be 
filams surtacess at right angles to the axis of the cylinder. 

()n(‘ s(‘t oi si)e(!imens shall be drilled perpendicular and 
a,noth(‘r i)araJl(‘l to th(‘ {ilane of structural weakness of the 
ro(sk, if suc,h plane is apparent. If a plane of structural 
w(‘a,kn('ss is not a,pparent, one set of spe(;imens shall b(' 
drilkal a,t ra,ndom. Specimens shall be <lrilled in a man- 
n(‘r whi(di will not siibjcad/ tlui mah'rial to undue stress(\s 
and whi(4i will insuix^ tlu^ spcaafied dinuaisions. ddie 
(‘lids ol the (cylinders may be sawed by means of a band 
or diajuond saw, or in any other way which will not 
indu(?e incipient fracture, but shall not be shipped or 
broken off with a hammer. After sawing, the (mds 
of th(^ specimens shall be ground plane witli water a,nd 
carborundum or emery on a cast-iron lap until the cylin- 
ders are 25 mm, in length. 
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Procedure. At tlirc(‘ and j^ndVraljly four or 

iiioi’i' siXManieiis slioiihl b(‘ ((‘st(‘<l for (‘a<*h i'ock. 'r}i(‘S(‘ 
sliould 1)0 dried in ;i (x>nsinril. \v(‘i^h( ImH'oiv l(‘stin^r. 
Th(i spccirnon slioidd lx* iidjiis|,<‘d in Iho inncliinf', so that 
the cenhn* of its U|)i)(n’ siirhux* is (.anjL!,vn(, (o ( h(‘ si)h(‘ri(‘al 
siirfM(i(‘ of plun^'or. (,<‘st shall consisl. of 1 ain. fall of 

th(‘ harnrnor for th(‘ first blow and an in<*r(‘as(‘d fa, 11 of 
1 (an. for oa,(di siHuaHMlin^ blow, f ill th(‘ piiaa* is mpf unal. 

Calculations." -( loin |)uf,(‘ th(‘ <*n(‘r^«y of tin* final blow. 
ddi(> toughn(‘ss is r(‘pn‘S(‘ni,(al by (,h(‘ ninnlxa- of blows 
n(aH.‘ssary to br(‘a.k sp(‘(a‘in(‘n. 
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l^'oitMULAS IN MeciIIANK’S OE MATERIALS 

Tension. 

P(‘lM( iv(‘ (‘ont rjicl/ion ol area at fraeture (ujuals 
()ri{i:in;il a,r(‘{i ~ a,r(n\, fraeture 
original area 

Helalive (elongation in gage length 0(iuals: 
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gage hength 
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2;\ />/■■( 

A’ = 1 .WV.. ,, (Third Point 
IzOt) (U 

t’ = IPd 


h' 


2 ;{ />/•'< 
I2U() /// 


Mod. of H(>.s, 

Impact Bending ( H.(‘ctnii^?id;i,r lh‘nnisi. Af)iyr(»\iinn((‘ 

am 

^ aim 

■ 2AV;//-‘ 

Road Materials Forrmilas 


1 .S'" 

IS A' 
forriiulns, 


Dkvai. .\nitAsi<).\ 'I’ms'I' 


Loss j)(‘r (*(‘ 111 . (jXM’ (‘(Mil. 
I'l’CMK^h (•()otIi(‘i(Mi( of \v(‘ar 


w (Mir I 


20 X 


Ori^iiinMl vvcighi linal wi'i^lii 
th'igiiial wcighl 

20 


ir 

WIkm’O tv is Mi(‘ \v(Mglil. in grains of Mu* di'iriliiN mi(l(M‘ O.IC, cin 
(• Ki in.) ill Hi/,(‘ f)(M' kilogram of rock usimI. 


IIakoiN'kss 'rKsr 

(MiyfliciiMit of hardiuMss 20 ' ..5 lo.ss in wiaght afl,(M' looo 

r(‘volutionH at 2S r.p.ni. 
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h I, 

( lag'c l(Mig|;h or spa,n / / 

.Vr(‘a. of cross S(M'tion /,■ I 

iMonuMit of iiKM’tia / / 

Polar inoiiKMil of in(M*tia. / ^ / 

lOidius of gyi-al ion /, 

I)is(4inc(‘ from ixMitral axis to cxtnMiK' IIIhm- r , 

TolaJ loa.(l (conciMil nij.(‘d ) /» /> 

I 'nit. str(‘ss 

Piiit strc'ss at (‘last.ic limit. t(‘iision 7'" 


Total (Tmgation in giig(‘ hMigth at or Ix'forc 
elastic limit 
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ClILlltCH I’OOKMAN 


Unit elongation e 5 

Twist in gage length (radians) a 6 

hixternaJ moment in torsion Pa T 

DefleidJon d y 

Mod. of elastieity (tension and compression).. K 

Mod. of (^la.st.icity (shear) 

]t(‘sili(me(^ (woi'k done on specimen) U U 

Imi'aot Biondino: 

W(‘ight of liamuner (t 

Si)aai hmgth I 

UilxM- stn^ss p 

Moduhis of (Tisticity E 

Total h(‘ight of droj) H 

I )(‘ll(a*tion (total) due to static loa,d (r + deflec- 
tion du(‘ to blow A 


.t?3 
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Htrkncjtii SpiociFK.'A'rioNs Koit S'ri-:i-;i. and Iho.n Ami'Huca.n 
SoOICTY FOR 'i’KHTINC; MaTKUI A J.S, S’l’ANOAlCDS, 11)21 
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(Jucimlicd liii^di c.'irhou, . 
AxIcm : 

( Mid rolled h( ocl 


sn, ()()() 
100, 000 
100,000 

70 , 00 () 


i'ireH drivinju;; 

INi . MMenjjiiM ' (> ii<.diieH , . , . 

I ^' roi/dit eiudiH'H 

Svvifeliin^,': erudncH 

Sled for^iiu.'.s: 

Sec SerinI, A IS ‘Jj, 
Si niidiird.s, 1 01*1 . 


I on , 000 
I in ,(;00 
ii»n,ooo 


no, 000 


(in,o( Ki 

('•(), 0 ( 10 
(Kl. I.ini.i 


;•() 


I’O 


I .(,00,000 
'I'm . mr, 

I I 
10 
10 


I 0 
10 


il > 
I I 
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dd'M.sih^ .str<‘nj!:i,li lb. 

Mitiimurn 

eloii- 1 


Mcljil 

per .squarii inch 

KM. t ion per cent, j 

trac- 
tion of 



O'icld 

point, 




1 Mt.im.-u.e 

in S in. 

in 

2 ill. 

area per 
cent. 

Steel ea,H( iuks: 






Ihird (‘n,HlanKH 

SO, ()()() 

\ ().4r. / 


17 

2 .n 

Medium eii.stiMjfH 

70, ()()() 

/ ultinuite 


20 

30 

Sol'l enHliin/'H 

(10, 000 


35 

( 'oiicrel la'inl'dreemenr 




hiU'H, billet. Ml eel : 






IMnin, wt ruetuniJ |.f;riule 

no 70,000 

.0.0,000 

MOO, 000 
iiltiniut.e 



I'l.'iin iiiter'iiiedijite MDidr 

70 80,000 

10,000 

i,:ioo.ooo 

d'ems. Mtr. 



IMjuii, hard |i!:ra.(l<' 

St),0()0 tain. 

.00,000 

1.200,000 



I )('roi'med, Ml nud ural 



r<Mi.s, wtr. 



Kra.<le 

00 •70, 000 

.0.0,000 

1.2.00,000 



1 Jel’ui'iiK'd, iiil<‘rmedia,l.e 


rents, str. 




70 SO, 000 

•10,000 

1,12.0,000 



I )er()fmed, hard /'laule , 

'Pmi.s. .str. 



SO, 000 min. 

.00,000 

1.000,000 



('old l.wiHt.ed 

b* (M'ordtal 

.0.0,000 

’’rtaiH. .st r. 




oidy 


5 



< 'oiua-el (' jaanfonauiieMt 






bai'M, rail .st.eel: 

IMaiii bars 

SO, 000 

.00,000 

1,200.000 



1 )er()rmed and hot 

Ttm.s. str. 
1,000, 000 





t wial c'd 

St),000 

.00,000 




\Vrou)i.';h I. iron : 

Tt'H.s. str, 



St ay bolt iron 

IS 02,000 

0.0 ultinuite 

:io 


48 

MiU.diu' bolt iron 

10 00,000 

O.t) ultinuite 



40 

I{('rm<-d wrought, iron , . 

•IS .01,000 

0.001 1 

Of) 



l''or;,’:iM>,?:H for hxmmot ivu'.s 

,j 5 ()()() 

0..0 ultinuil.<‘ 


22 in. 
4 in. 






30 

(Iray caHt. iron: 

I/ifdit. eaNtiiurH 

IS, 000 

2 1 ,000 





M ('( 1 i u 1 1 1 ea.’il i lU'a 





lleaA'.v <’a,sl i iif^s 

21,000 





Malleabh' caat iiam 

00,t)00 



10 



Notk. — When iKil (it licrw i.sc Mluli'd valiicN nrc IIhi iniiiiiniuii allowi'tl. 
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METHODS FOR METALLOGRAPHIC TESTS OF METAi.S' 
M I(rR()S( M ) PI ( ' }']x A M I .\' A 'no N 

Kor unhjir(I(;ned iron jind lli<> foIlowitiK ijnxM'ss ha.s ^ivoii 

satisfaction : 

1. After i)()lisliia|»:, (‘\a,niin(‘ und<T a inaKoilical ion of 50 to 
150 diameters. Eook for slaj*; or cindi'r in wrou^iil iron, in.Mn}j;a~ 
n(‘se sul|)liid(‘, (^tc., in s(,<‘<‘l, and siz<' and sliap(> of ^Tapliii (* in 
east ii’on. 

2. I'd.eh with a, sadiira t(‘d solution of picric acid iti alcohol tor 
15 seconds. This nu'cnls (In' pcarlilr hy liirnint' il dark(‘i' than 
th<' aeconipaiiyin^;’ lerrit<' or (aniKmlilc, In wront'hl ii'on, anv 
pcjirlite j)res(‘nl shows up. aaid (ho jL^cnoral appearance will some- 
times show whcth(‘r (h<* material was puddled, (‘(c., or m.ade from 
relu^at(^d scrap. Thos(‘ who wish to hrinj/,' out the t<'rril(‘ ar.ains 
(am do so (ai,sily and <iuickly hy etchinii!; with nitric acid. 'To this 
end, nitric acid of 1.42 sp(a*ilic gravity should he dilul«‘d with 
either: 

(a) 90 parts hy voliiim' of wa(<‘r to 10 of acid, 

(h) ir) pa,rts hy voluim^ of wa,tcr to 25 of .acid, or picl'crahl>’ 

(c) 9() parts hy voluim^ ofajoyl alcohol to 1 of ;icid, 

3. N(ai,r tJu' (uitectoid point., that is, 0.0 to I.() p<.r emit, of c.ar- 

bons it is often ditficult to distinguish hct wiam ( hin envelopes of 
fenit/cmi.nd c(un(m(.i(.(\ 1 his dilliculty c.an la* (oaMvaune h\' ('tcliinji,' 

with a. solution of .sodium picrate, which turns cenamt it d.ark 
hrown or hla.ck hut. d()(‘s not color t Ik' o(h(*r const i( iicnls. 'PIk* 
solution is ma,d(‘ hy addinfi; 2 pa.rt.s of pi(-ric .acid to Its p.arts of a 
.solution containinfr 25 p<M- ecait. of c.au.s(i<> .sod.a .and is us.mI at 
iOO'C. 

4. In order to inteipret th(‘ results of sui'li .an elchimy t h«-\ 
should he compa.r(Hi witli sta.nd.ard (‘tclied spiaaiiHai:!, 

5. In the ca,.sc of luinhuHal and hmpaacd sPa*! (In' indica- 
tions are Ie.ssd(‘ci.siv(‘tlm,n in th(m*a.s(‘ of unh.a rdmied .sPa-l. proh.ahiv 
hecau.se tlie fornuu- cla.ss has been stinhed le.ss than (h<‘ laMer 
(danse grain, sc'^n'^ntion of constitmmts, pic.sen.a* of (,m,|,.. 

aie a,ll signs ol had ma,tcria.I. For (‘(.clung us(' .a .solution of 1 p.arta 
of nitric acid, .sp(5cihc gravity 1.42, in iHiofanivl alcohol. 'I'ln* time 
racdcxl ha.s to he found hy tria,l in each ca.sia il(aic<‘ e(<d. for 5 
s(*c()nd.s, examine, ic-iitch il lU'ccAssary', etc. 

^ lU)r more complete nud.liods h<‘(‘ ^'(‘ar liook A S 4' .M l<)21 
F-3-24. 
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(). Mncrofloopir examination shows up defects due to segregation 
i)l()\vh()l(‘S, piping, and the like, and when used in connection with 
inicroHcopic exjirni nation yields valuable information. A section 
is cull with a, saAV, liled smooth, and polislied with No. 0 and No. 

00 (maM’y l)a,p(‘r; it, is then ready for etching. 

(,^)uite a nuinlxa* of (vt(^hiug reagents have been used to develop 
llie structure'. Wlu(^luvvor solution is chosen, the specimen is 
(ii’st ca.ia'fully wasluMl with a. strong caustic potash solution, well 
rins(Ml und(‘r l,h(‘ tap, and then immersed in the etcdiing solution. 
O’Ik' following may Ix^ nuaitioned: 

(a) hha^slily [)r(^pa,r(Ml solution of 20 g. of I and 30 g. of KI, 
in 100 g, of water. 

(/>) I)ilut(‘ IK '1 or JliiSO^ up to 30 per cent, acid, using the 1.2 
ainl 1.<S*1 sp(a'ifi(^ gravity respectively. 

(c) Nit-rie acid, from 10 to 30 per (xmt. of the 1.42 specific 
gra.vit,y acid in 00 to 70 per cent, of water. 

{(I) ( 'onc(.mtra,t,(Hl .11(3, Hi)eeifie gravity 1.2. 

(c) A solut.ion of 10 or 12 parts of double eopper-ainrnoniiun 
chlorid(^ in !)() or (SS parts of water. 

O'o bi'ing out tJie st.ructure of wrought iron rapidly, (d) is used, 
while (c) or (h) will bring it out more slowly. 

l^'or Ht,(H‘l, first etch with (a), whi(di shows up the segrega- 
tion of eai'lx)!! very well. Take care not to over-etch; 5 seconds 
is enough for sorno^ nuitoriais. To show up the impurities and 
l,h(^ s(‘gr(‘ga,ti()u of MnS, slag, etc., (d) acts quickly, but (6) gives 
Ix'tt.er lawsuits t, hough Inking longer. 

Sonx' pr(‘f('r light, (vt clung, say after 1 or 2 minutes, but an older 
nx't hod is t,o (d,(‘h with {h) very dt'cply, indeed to a depth so great 
t,ha.t, .s<‘V(n'ai hours may be u(X:hI(h 1 to reach it. In this way the 
segia'gatiou of t,h(^ (a'lrbon and the impurities like slag and MnS 
;ir(' shown simnlt,a,n(H)usly. A picture of the object thus etched 
can Ix' had by tn'aiing it like an engrawing, tliat is, inking it with 
printer’s ink, and printing* on white i)a.per directly iroin it. A 
common Icttcr-copy iiig press is (a)nvenieut for this printing. 

STANDARD SPECIFICATIONS FOR PORTLAND CEMENT* 
Skkial Dioskjnation : C 9-21 

1, Definition. “ Portland (HUixmt is the product obaincHl by 
liiu'ly pulv('riziug clinker i)roduced by caleiiiing to incipient fusion 
1 Aut,horiz(‘d Reprint, from th(^ Copyrighted A.S.T.M. Standards 
1024), yXiiu'rican Socic'ty for 1\\sting Materials, Philadelphia, Pa. 
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MM and {>rop<'rly proportioiuMl niiAtiiivof :n,i-ill:uMM)ii.s; ;,mj 

(\‘dcM,roous rruiterialH, with no addiliouM imli -n jin-ni to ralrinal ion 
ox(!epting water and calcined or unenh iniMi pvp.nmi. 

/. CUHMK'M. rUiirF.n riKS 

2. Chemical Limits." d’ln* hilNnvinii; lirtui ;; not !.c ; 


I/Kss of ignition, pea' laail .... I (10 

fiisolulih^ n'sidne, pin* . O.SO 

8uiruri(^ anfiydridc (Si );i ), p<'i' cent o 00 

Map:ncsia per ctaO o op 


//. Pi/YSK'M. i^RonarviKs 


.*{. Specific Gravity.' 'I'hc Np<>ci(ic p.nu it \ dfct incnt :i}iM 11 ho not, 
l(‘ss than 3. 10 (3.07 for while Pori land cemonl i. Shoiihl (ho toMtof 
(aanent as reciaviHl fall helow Ihi.s reipnrcmonl a aocoml |(*;i( niav 
h(' in!i<l(‘ upon an ip:iul(‘d sainpli*. I'Ih’ .■-pomlir p,r:uiiv h'ril will 
not 1)(‘ nia,d(‘ uidi^SH specifically or<loro<i, 

•1. Fineness, 'rin* residin' on a .standard \(,, :»()() .io\o ;,hail not 
exceed 22 pin’ ci'iit. hy weight. 

T). Soundness. .V [ml, of noal ci'inonl di.dl leniain him and 
hard, and show no signs of disloi t ion, i i.'icl.iiny l■ho(’l>lng, or 
disintegration in the steani lost lor soundno ; 

(). Time of Setting. 'The coinenl .shall noi do\ olo|* iiiiii;il .,ot in 
l(\s.s tha,n -If) minutes when the \'i<’al noodli- r, ir cd or (it) nninMc;; 
when the (lillniore needle is used. Idnil ■ el h.d! ho aiiMinod 
wil.hin 10 hours. 

7. Tensile Strength. 'I'ho avorat-o hai alo ai. iirih in ponii.t; 
per siiuarc inch of n<il Io.sm than ( h leo :.t .a nda n I mk.iIh hii(|iioii(>, 
(see Section .^)0) conijaised nf one p.ail < mioiil and ihioo pail;; 
standard .sand, hy wcigiit, .shall !.<• c(|iial itt ei hichoi ih m ihe 
follow’ing : 

Auro at 'lonailc 

to, Ml,' Sl,<»ru{.'r (»f I uao'K'O «■« ’ O' "chi, 

(laV'H 1 ' 

no III 

7 1 <luy i«i moiiit air, (> dayn in wnli-i .aio 

1 <luy in iiioiat air, diiMi in waO-i . .'on 

^ ' ,\,.S,’r. ,\I Standard ,S|M*riliiailnin;t n<i I ’. .i 1 1,, i.. 1 .ij,i la 

(’"'.I 20 lintM nil itpocilio (.o'livity ro«nii i < mi n i 

''A.S.'l'.M, Siandard Sprci lioal mnn Im I’l.itt.iHi i mihh',, .iiil 1 ip.' n :i l o ,i, 
('-t)~20 laMjiiiroM a Vda.v at ronr ( li id :!:’s II. |.,i m m n n i.,|, ,,i,.i .'s do 

Hi roi irO li III .il'.i II I |ifr r>i( i ii l n I onan m I . .j ;: | a ni 1 :i i d 1 1 , , ■ i i .i i t a i o i . . it . 
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S. 'Hk' lpii.sil<‘ H(,n‘Mgt,h of sUiulard iru)rt.a.r at 2S day« 

shnJl b(‘ liiglipr tlmii I, ho strong'th at 7 days. 


///. rAt^KAOKS, M A R,K]N(; AND STORAGE 

h. Packages and Marking. — The ooment shall be delivered in 
suitabh' l)a:gs oi’ l)a,i‘rl(\s witli the brand and name of the manu- 
ra(‘t-ur(M' j)lainly nia.rluMl therc^on, unless shipped in t)ulk. A bag 
shall contain 1)-1 lb. lud,. A barrel sha,ll contain 376 lb. net. 

10. Storage. Tlu! c(un(‘nt shall be stored in sindi a manner as to 
p(>rniit. <'a,s>’ (^x<‘(\ss for proper inspection and identification of each 
shipnH'nt., and in a suit.a,l)le wea,ther-tight building which will 
prol(‘ct (Ji(‘ c(un(‘nt from dampness. 

IV. INSPMC^riON 

11. Inspection. Mvcry liic.ility slndl be provided the purchaser 
for ca,r(dul saanpling and insixadion a,t eitlnu’ the mill or at the site of 
th(^ work, as may Ix' sp(‘cili(‘<l by th<‘ ])urchascr. At least 10* 
(lays from t in' tim(‘ of sa,in[)ling shall Ix^ allowed for the completion 
of tli(‘ 7-day test, and at: l(‘a,st. 31 days shall be allowed for the 
comphdion of th(‘ 2S-day lost,. 'Plu' cement shall be tested in 
aacoiaL'incc^ with the in('t,hods herdmifter i)rescribed. The 
2S-dav t:<'st: shall be waiv(‘d otdy wluai sp('cili(*ally so ordc'rcd. 


K. REJEi^TION 

12. Rejection.- -The c(unent may bc^ la^jected if it fails to mtad, 
a,ny of tin' re(iuir(‘m(‘n(:S of t.h(‘se sp(M;ifi(aitions. 

13. ('(‘numt. shall not. b(^ r(\j(H(t(Hl on a.ccount of failures to meed: 
(h(‘ liiK'in'SS rc(iuir(‘in(‘nt if upon r(‘t(\st aft(‘r drying a,t \()iV(\ tor 
on(‘ hour it: nuads this laajuircimmt.. 

11. ('(Miumt failing to naad, the tost, for soun(hi(‘SS in sUaim 
be aoci'ptcd if it passes a, ivtost, using a ikov saniph^ a,t any 
lime within 2,d days t h<'rca,t tor. 

10. rarkages varying moio than 0 per rout, from thc^ speci- 
II,., I uwiKhl Ii,:,y l„. ivicrUMl; mmiI if I lie M.vcraK<, wSkIiI. til' pack- 
MKcs In .'ULy sluinm'Ml., as slinwn l-y wniKliiim ■'■>« laiakaKn.s taken 
lU, |•an(loln, in le.ss t.liaii tliat sitwalind, tlic cutiro sliipmunt may 

riiMi ll’iinii Ut nif 7 'tty n-Ht. !in<l JiL UulsI, aa dnyH hIuUI be; ullowcd for tlic coio- 
,,'f (,lu! 'JS-dny ti'ta.l 
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,TF]NTATIVE SPEOnaC^A'rH )NH AND 'n-:S1\S KOh*. COM- 
PRR8SIVE 8TiuoN(rrir OP poirrLANDRi-:Mi';N'r 

MOKIWKR 

Amkrk’an S(k;iioty Foit T^HTiNi; Matiouiaoh 
Serial Designation: C 9 16T 

ThciHo spoMufu^atioriH and iosts arc i.ssu(‘(l un(l(‘r Mk' li>v<‘d ({(‘.signn ■ 
tion C 0; thoi fiiiiil nurnbor iiidicabss the year of original i.s.siK', or 
in th(‘ (aiHO of n^vision, Mu^ yc^ar of last n'vision. 

IsHUion, 19 lb 
SPEOlPIOA'riONS 

1. Compressive Strength. av(‘rag(‘ compn'.ssi v<‘ slrtniglh 

in pounds per scpiare iinrh of not less than ihria* standard mortar 
test piceos (sec S(u,!tion 4) (!Oinpos<Hl of on(‘ part, (•(mumt and t hna' 
parts standard sand, by weight, slnd! lx* (apiaJ to ov highm* than 
the following: 


Ago at 
test, 
days 

Storage of tent 

( torrj- 
FircMHi v<' 
m( riaigtli, 
11). per 

Hij. in, 

00 

1 day in moist air, 6 days in wntor . 

1 day in moist air, 27 days in water 

1200 

2000 


2 . The av(U’a,ge eoini)resHiv(^ stnmgt.h of standard mortar ;il 
2 <S days shall Ix^ higlua- than tin* st.nmgt h at. 7 days. 

d. TIh' napiireinents gov(a'ning th(‘ pivparalion of standard 
sa.nd inorta,rs for tension test [)i(‘e<‘s shall apply to compiossion 
t((st. pi(‘(*(*s. 


SPhXdFHhVd'IONS A( K 1 bdst ; A'l'IsS 

( 1 ) American Railway Engineering Association, 1920 , for 
Structures 

Fine Aggregate, “ddie line a,ggi’(*ga,lo shall (consist, of sand, 
cruslual stone or grav(^l senamings, gra,d(‘d from hn<' to coarsiy and 
ptissing w'luai <lry, a scnauj having liol(‘s ()n<‘“(piart('r (‘|) inch in 
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(lianietor. Not nioro hhaii por (‘.ont. by woighi. shall pass a 
No. 50 sicwo, and noli inon^ than G per eent. a No. 100 sieve when 
H(n'(M‘n<Ml dry, nor nioia^ Uuui 10 p(U' cent, dry weight shall pass a 
No. 100 sii^ve wluni wa,sh(‘d on the sieve with a stream of water. 
It shall l)(‘ (*l<‘a,n a,nd frcje from soft particles, mica, hirrips of clay, 
loaan or orga.ni(^ inaliUn'. 

Coarse Aggregate. — The (^oa,rse aggregate shall consist of gravel 
or (tusIkmI stone, which, unless oth(M-wise specified or called for on 
(h(‘ plans, shall, for plain inaiSs concrete, pa,ss a screen having holes 
two and one-(|ua.i't(‘r f2‘ t) inches in diaanciter, and for reinforced 
c<)ncn‘t(‘ a scnaai ha ving hol(\s one a.n(l omwpuirtcir (l,kO inches in 
dinin(‘t(‘r; and l)(‘ la^taltuKl on a sereeii ha,ving holes one-fourtli 
P.j) iindi diain<vter, arid shall be graded in size from the smallest 
to th<‘ largc^st part ich^s. Jt shall he clean, hard, durable aaui free 
from all (hdidiiuaous mathu-; (coarse a,ggregate containing dust, soft 
or elongalial pnrticl(\s shall not he used. 

(2) Indiana State Highway Commission for Concrete Roads 

Fine Aggregate, -dlie line a.ggr<‘gate shall (consist of sand 
cornposiMl of clean, Imrd, duralile gi’aius. When tested dry liy 
in<‘a,nH of lahoi’atoiy screens and sieves, it shall meet the following 
l■(‘<|uil•(‘m(Mlts. 


Ki'taincd on b.f inch sci-een, not moi*e than 5 per cent. 

U,(‘tain(Ml on No. <S si<iv(^, not more than 25 per cent. 

H.etaliKMl on No. 2S siiwe 50 to 80 per cent. 

U.ctaiiKsl on No. 100 sieve, not h^ss tluin 05 pea- cent. 


Ill shall 1)(^ from organic. inatiiM* and not more than two (2) 
per c(mt., by wdght, sliall be i*emov(‘d by the elutriallon test. 

(<i) Stiamgi h 'r(‘st. ■ Morta,!' composial of one (1) part Portland 
(•(‘iiKMit and l lins' (2) parts (in<^ a,ggr(‘ga t(‘, by wNght, when mixed in 
accorda nc<‘ with Mh' nu'lliod d<‘scrib(‘d in Cir. No. 22, V. S. Bureau 
of Standards, shall liav<' a, t(msihi siiangth a,t tlu^ a.gc of seven (7) 
a nd twmity -<*ight (2S) days of not less than one Inmdnul (100) per 
(•('III. of lhal (h'vciopcd by inorl.ar of the saim* proportions and 
consist(*nc\' , made ol t lu' sam<‘ ('(mx'iit and sliandard ( Itlia.wa. sand. 

Coarse Aggregate, 'rin* coars(‘ a.ggregMt.(‘ shall consist ol grnvd 
or cruslnsl stoiu* conlorinifig to tlic^ spc^citications Inaa'wit h. 

W'lnm a c(mtral i)roi)ortloning or mixing plant is us(‘d, (oars(| 
a,ggr(‘ga to may l)(‘ (h‘liv(‘r(‘<l to the work in two or mon' gra,datious ot 
sizing. 'rh(‘S(‘ dinVnnt grad(‘s shall Ix^ k(‘pt s(‘i)arat.(‘d at all 
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('.imos until used and shall tluui be eombiiual under IIk' .supervision 
a,nd (lireetion of the hhiKiinuu’ and in siu'h profxu*! ions ns sp(‘eifi(‘(l 
by him. 

(a) flruslHHl Ston(^.““-'( h’usluid stone shall be ()l)<.nin('d from clean, 
tough, (luraJ)l(‘ roek ha,ving a, h'najeh eoe/Iieiiuit of woiw of not less 

tha.ri s(iv(‘n (7). It shall bt^ fna* from vegetable or otlua- obje< 

tionaJih^ ma.tt(‘r, a.nd r(\a.s()naJ)ly fnxf from thin aaid (‘longa t<Ml sloma 

WIkui t(\st(xl by means of la.bora,tory sere<ms and siev<\s it shall 
UKHvt th(^ following nHiuirmra'iits: 


Itetained on 2J'2 imdi seianm 0 [xa* eenl. 

Ibdiuiu'd on 1 inch seraam 2") (o (>() per e(‘nl. 

Itetaimxl on }/i imdi senam, not h'ss than hO p(*r (ami. 

H(d-aincal on S inivsh si(‘V(‘, nol. less lhan 1)7 per (ami. 


(h) ( Jra,v(‘l.-“( ira,v(‘l shaJl consist of chain, sound, hard stoni*, 
naiHomibly fr(a‘ from thin or (‘longaJaal piiaaas, and containing nol 
more than live (5) p(M* cent, of soft pi(aa‘,s. (Iravel (amtaining 
ela.y oi’ (coating of any eha.ra.e(.(‘r shall not h(‘ us(al. When leslial 
in naaiordanua' with th(^ nnd.hod (h'serilxal in Hulletin DIP, b. S. 
DepiirtUKmt of Agrieultur(\ p. 2, its p(‘r (ami. of wear shall nol be 
more than liftiam ( If)). Pit run gra.v(‘l shall not be usial. 

Wlnm tested by mea.ns of laboratory seiaams and sievaas il shall 
nie<‘t the following recpiirements: 


Retaiiu'd on 2j2 imdi seiaam () p(.r (ami, 

lietaa'iK'd on inch screen 20 lo 1)7) p(‘r (ami. 

Ii(d.ain(al on }:'i inch senam, not hass than So p(‘r (ami. 

Petained on S m(‘sh si(W(', not h'ss than D.a p('r (ami. 


Water,- VVatiu' usial lor this work shall lx* reasonabb' ele.aii and 
fr(Mi from oil, acid, alkali or veg(‘l abl(‘ subsla ma's. 

Piioeosioi) I lON'r.Aa’i V K Sei'a'iKicA'iaoN.s ram. I 'oMMi.au'i.vL Si/,i>:s ()!■ 
(Jravku, Hrokkn Stoni-j and Huokun Si,,\(j, .Vmku. Soc, 

Koii O'ks'I’INij MA'i'iutiAUs l!) 20 , l)- 2 l 2 ()'r 

1. TIh'si^ spia-ihea, lions (aivi'r lh(‘ slandard ,si/,(‘ (l(‘,signa I lon.s 
a,nd imiximum p(‘rmissible range in mia-hamcal analyses for nine 
eoinmereia.1 gra,(I(‘s ol br()k(m slone and l)r(»lv(m .sl.ag, when iisial 
in the ( onstnuDaon ol pla.in or bituminoii.s macadam, bil uniiiKni.s 
coneiete, sluaD/ asphalt and (amiimt-eoneia'I (‘ |■()a(l,s and paxamienis. 
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Gravel : 

Maximum 1*khmisbible Range in Mkchanical Analysis for 
Each Size 


INu'(*(Rita4»;c hy Weight Passing Each Screen 



‘20-ni(iMh Hic'Vd 25 to 75 per cent. 

TaHHiiiK hiovo not over 25 per cent. 

1‘uHHinK lOO-itH^Hh Hiovo not over 5 per cent. 

h Limit, H for Hilt and clay cotiUiut may bo ineortod if desired. 

Any i)(ir<MM»t,aK<^ from 0 to 10 per cent, may bo designated, with a maximum 
I>eriiuBHil)l(i variation therefrom of not more than 23^2 cent. 


Broken Stone and Broken Slag. -~-'l'h(^ (h'signated size or ea(*h 
i;radc 'viUi cornwpoiKliiin miuiiimm pennissililc 

V!iriM,li()iis III inivliiiMicjil luiidysos iis (loU'riiiiiiod l>y tlio use (>l 
iMlKir.-d.iiry scitimis, iii-c kIvimi in (lin riillowiiin tidiUi: (U-O.i-iO 1 ) 
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Maximum Piohmihsihlk ltA.\(;K in Mia hank ai, Analusin fou 
IOach Si/k 


Ponu'niafi;!' by Passing Lnf )or.'i I oia Sciucns 
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a In the eaMc of lif'ht or poroua oJuKst m 4*in. ituuiutiun umv lu- fipiM'died 
iiiHtcud of in- 



ArPRNDlX TIT 

Standard Koumb of 'riSfiT Pibobb 



I’kj •• -Wrought iron, structural steel and boiler plate. Plate 
metal in general. 



Fio. 2. — Malleable cast iron. 


Badlns 



l^tOl-Tbe Oauo LonutU, Purall&l Portions and Fillets shall 
bo ati Bhuwn, but the ICndtj may be of any Form which 
will Fit the Iloldort! of the Toatlug Machine. 

B’lO. — Structural Htdicl, wrought iron, steel castings and forgings, 
axle and tiro stool. 



Fig. 4. — Screw end test piece. 
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KkS 


Railin.*) I 

toot lOHH ,,P' 

than : 



KotO‘>-Xho Gago Length, Parallol J*ortlo«u and FlUotrt nUall Ixj Ufi 
Shown, but Iho JOndn luuy he ol! any l‘'onn which will l'‘it 
t'ho Jlokkira of tho TttuUng Muchlno . 

Fio. 5.- Wrought iron forj^ing for hnunnol ivofs and earn. 

Mold for Gray Cast Iron Test Specimens. -'I'lio form and diimm- 
sions of the mold for the ad'hitration test har.sliall he in aceonlancc^ 
with Fig. 1. The bottom of tln^ bar shall be J-i in. Mnia,ll(‘r in dia- 
meter than the top, to allow for draJd. a,nd for l h(‘ sf.rain of pouring. 
1 he pattern shall not rajipial befon’i wil.hdrawing. 'I'ln* (lash 
shall be rammed up with given molding sa,nd, a, litl h* dam pin* ( lutn 
usual, well mixed and put through a No. K siijve, with a mixtun^ 


Pattern 



lUQ. 0. Mold for arbil.rul ion IohI, lair. 


of 1 to 12 bituminoua faciiiR. Tlic .simll Im- niiiimr.l .ivoiily 

and fairly hard, thorouKlily dried, anil ikiI, eimt uiil.il it is cnld. 'I'h'e 
test bar shall not bo romovod from tbi' mold until e.iid enough 
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Table la. — M echaxical Properties of Copper and Alloys 
Strength — ICMX) lb. per sq. in. units 
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T-^ble Ic. — Stone and Brick 

Ultimate Strength — in units of lOCM) lb. per sq. in. (subieci to variation of 50 per cent. 
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